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░ ABSTRACT- This paper presents the design of simple, robust, and efficient shunt active power filter (SAPF) using a 

loop in loop (cascaded) PI controller and Space vector pulse width modulated synchronous reference frame (dq) controller to 

mitigate harmonics from a three-phase diode rectifier (nonlinear load) catering to variety of loads (R, and R-L), supplied by a 

microgrid (week grid) having plethora of distributed generator, exhibiting heuristic nature. The intermittent nature of DGs leads 

to variation in voltage and frequency, and load variation aggravates this situation further. Placement and availability of DGs in 

the microgrid lead to the variation in cable length, causing variation in the reactance presented between the source and the point 

of common coupling, where a SAPF is deployed. A robust control mechanism of SAPF has been presented here that gives 

compliance to IEEE-519 amidst the mentioned perturbations in voltage, frequency, and grid reactance using a passively damped 

LCL filter and a smaller DC-bus capacitor due to the presence of SVPWM control. A constant frequency switched Space Vector 

Pulse Width Modulation (SVPWM) control makes the SAPF simpler and more reliable. Further, a cascaded PI controller, one 

controlling DC-bus voltage and another controlling the filter’s current, makes it more efficient and reliable. Simulation and 

comparative analytical results of SVPWM with that of Sinusoidal PWM (SPWM) validate the design’s suitability for enhancing 

power quality in the given system. 

 

Keywords: Cascaded PI control, LCL filter, Microgrid, SAPF, SVPWM control. 
 

 

░ 1. INTRODUCTION 
Power quality improvement in electrical systems is crucial due 

to the growing presence of nonlinear loads, which introduce 

harmonic distortion and negatively impact grid stability, as well 

as exacerbate power losses. The SAPF serves as an effective 

solution for harmonic mitigation and reactive power 

compensation. SAPFs are replacing the conventional passive 

filter due to their enormous advantages. SAPF is a harmonic 

generator that injects harmonics having a magnitude equal to that 

of a particular harmonic at PCC with a phase delayed by 180o. 
 

The efficacy of a SAPF hinges on the accuracy of 

reference/compensating current for harmonics and reactive 

power compensation, and it drives a three-phase voltage source 

converter (SAPF). Nonlinear loads, renewable integration, and 

grid code requirements have propelled the advancements in 

SAPF control, resulting in a wide range of methodologies that 

combine classical, modern, adaptive, and optimization-based 

controllers. 
 

Classical PI and PR controllers are the most popular choices for 

the control of SAPF, but prove inefficient and non-robust with 

parametric variation [0]. The deadbeat/hysteresis current 

controller’s [0] variable switching frequency degrades the 

robustness of PI/PR controllers. Modern control techniques such 

as Model Predictive Control (MPC) [0], repetitive control [0], 
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and sliding-mode control [0] offer fast dynamic response at the 

cost of complicated controller design, and hence lack simplicity 

and cost effectiveness.  Fuzzy Control [0] requires complex 

design and tuning, and can suffer from chattering or instability. 

Furthermore, the performance of the Optimal Neural network-

based controllers [0] relies on the quality of the training data and 

may increase real-time computational and memory 

requirements. Typically, they perform offline, requiring re-

tuning under system changes, which can be limited by 

convergence and cost-function definition, and are less suited for 

highly dynamic systems. Instantaneous Reactive Power (p–q) 

Theory-based control inherently assumes an ideal voltage 

source, which is seldom the case with a weak grid having a high 

X/R ratio (microgrid), and can exhibit compensation delays [0].   

This work addresses limitations in the existing SAPF literature, 

where L or LC filters are commonly used with VSCs, resulting 

in larger component sizes, higher costs, increased losses, 

resonance issues, and sensitivity to grid impedance that 

compromise stability and harmonic compensation speed [0]. In 

contrast, the proposed approach employs an LCL filter for 

superior switching frequency harmonic attenuation [0], simple 

yet efficient passive damping [0], faster dynamic response, and 

enhanced robustness to source impedance variations [0][0], 

complemented by simple yet efficient and less computationally 

involving fixed frequency SVPWM for higher DC-link 

utilization [0] which is mimicking sinusoidal PWM (SPWM). 

Adaption of SVPWM reduces harmonics, fixed frequency 

switching relieves controller form the burdosom task of sector 

identification and timing calculation, and improves efficiency 

due to higher DC-link utilization over traditional SPWM 

technique. This cascaded PI + SVPWM + LCL strategy, further 

integrated with electrically enhanced Phase Locked Loop 

structure (ePLL) [0] for microgrid conditions featuring 

combined voltage, frequency, and harmonic perturbations, 

establishes the novelty and superior performance. 
 

The remainder of this paper is organized as follows: Section 2 

describes the system configuration and modeling of the 

proposed SAPF. Section 3 presents the design of SAPF, section 

4 introduces the control strategy, including cascaded PI, 

SVPWM, LCL filter design, and ePLL integration. Section 5 

and 6 discusses simulation setup and comparative results, 

validating the proposed approach. Section 7 discussed about the 

requirements of real time implementation, and section 8 

concludes the paper with key findings and future research 

directions. 

 

░ 2. SHUNT ACTIVE POWER FILTER 

AND ITS MATHEMATICAL MODEL 
The mathematical model of a three-phase SAPF with an LCL 

filter describes the dynamics of the AC-side and the DC-link of 

SAPF. The model assumes a VSC connected to the grid at the 

PCC through the LCL filter, with passive damping (resistor Rd) 

in series with the filter capacitor (Cf). The system of SAPF 

shown in fig.1 is considered balanced, and parasitic resistances 

are neglected for simplicity. The model is presented per phase 

(abc frame) and can be transformed to dq frame for control 

purposes. 
 

 
Figure 1. Block Diagram of SAPF 

 

2.1. AC side model 
The AC side of the SAPF is dominated by LCL filter. Its 

dynamics with series damping, are governed by Kirchhoff's 

laws. Here, the junction voltage is given by 
 

𝑣𝑗 = 𝑣𝑐𝑓 + 𝑅𝑑𝑖𝑐 = 𝑣𝑐𝑓 + 𝑅𝑑(𝑖1 − 𝑖2) (1) 

 

Converter-side inductor: 
 

𝐿1

𝑑𝑖1
𝑑𝑡

= 𝑣𝑖𝑛𝑣 − 𝑣𝑗 = 𝑣𝑖𝑛𝑣 − 𝑣𝑐𝑓 − 𝑅𝑑(𝑖1 − 𝑖2) 
(2) 

 

Grid-side inductor: 
 

𝐿2

𝑑𝑖2
𝑑𝑡

= 𝑣𝑗 − 𝑣𝑝𝑐𝑐 = 𝑣𝑐𝑓 + 𝑅𝑑(𝑖1 − 𝑖2) − 𝑣𝑝𝑐𝑐  
(3) 

 

Filter capacitor: 
 

𝐶𝑓

𝑑𝑣𝑐𝑓

𝑑𝑡
= 𝑖𝑐 = 𝑖1 − 𝑖2 

(4) 

 

These are coupled first-order differential equations for states 

(𝑖1, 𝑖2, 𝑣𝑐𝑓). These equations lead to a state-space model, 
 

𝑥̇ = A𝑥 + B𝑢 
 

y = C𝑥             (5) 

        
Where, 

 x = [i1 i2 vcf]T, u = [vinv vpcc] T, y = i2 , and 
 

𝐴 =

[
 
 
 
 
 
 
−𝑅𝑑

𝐿1

𝑅𝑑

𝐿1

−1

𝐿1

𝑅𝑑

𝐿2

−𝑅𝑑

𝐿2

1

𝐿2

1

𝐶𝑓

−1

𝐶𝑓

0
]
 
 
 
 
 
 

, 𝐵 =  

[
 
 
 
 
1

𝐿1

0

0
−1

𝐿2

0 0 ]
 
 
 
 

 𝑎𝑛𝑑 𝐶 =  [0 1 0] 

 

2.2. DC Side Model 
From the power balance formulation, 
 

𝐶𝑑𝑐

𝑑𝑣𝑑𝑐

𝑑𝑡
= 𝑖𝑑𝑐 −

𝑣𝑑𝑐

𝑅𝑙𝑜𝑠𝑠

 
(6) 
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where idc is the average inverter current, approximated in dq 

frame as: 
 

𝑖𝑑𝑐 =
3

2𝑣𝑑𝑐

(𝑣𝑖𝑛𝑣,𝑑𝑖1,𝑑 + 𝑣𝑖𝑛𝑣,𝑞𝑖1,𝑞) 
(7) 

 

This mathematical model has been used to derive the controller 

for a SAPF. 
 

░ Table 1. AC Source Parameters 
 

Parameter Symbol Value Unit 

Line-to-Line Voltage (RMS) VLL 415±20% V 

Grid Frequency f 48, 50, 52 Hz 

Source Inductance (per phase) Ls 350, 700 µH 

 

░ 3. DESIGN OF APF PARAMETER 
3.1. LC Filter for the Rectifier 
The LC filter is placed on the DC side of the three-phase full-

bridge diode rectifier to reduce ripple in the output voltage 

(<5%) and current (<10%). The dominant ripple frequency for 

a three-phase rectifier is the 6th harmonic (300Hz) of the supply 

frequency. 
 

The inductor limits the current ripple by providing impedance 

to the 300 Hz ripple voltage.  
 

𝐿𝑑𝑐 ≥
𝑉𝑟𝑖𝑝𝑝𝑙𝑒,6

𝛥𝐼𝑑𝑐 ⋅ 2𝜋𝑓𝑟𝑖𝑝𝑝𝑙𝑒

≈
15.9

12.55 × 2𝜋 × 300

≈ 0.00671 H 

       (8) 

 

Consider a standard 7.5mH as Ldc. 
 

The capacitor (Cdc) filters the ripple current to maintain low 

voltage ripple across the load. It has been designed using the 

resonant frequency of 48Hz, 
 

𝐶𝑑𝑐 =
1

(2𝜋𝑓𝑟𝑒𝑠)
2𝐿𝑑𝑐

=
1

(2𝜋 ∗ 48)2 × 7.5 × 10−3

≈ 1350𝜇F 

       

          (9) 

 

Consider a standard 1500µF as Cdc. 
 

░ Table 2. Rectifier and Load Parameters 
 

Parameter Symbol Value Unit 

DC Load Rdc 2.23, 1.115 Ω 

DC Filter Inductance Ldc 7.5 mH 

DC Filter Capacitance Cdc 1500 µF 
 

3.2. DC-link capacitor of SAPF  

Cdcf limits voltage ripple to 3% (kv,max = 0.03, ΔVrms ≈ 21 V) 

from n=6f (300 Hz) fluctuations due to harmonic compensation. 
 

𝐶𝑑𝑐𝑓 ≥
𝐼𝑐𝑛,𝑟𝑚𝑠

𝑛𝑘𝑣,𝑚𝑎𝑥𝑉𝑑𝑐2𝜋𝑓
=

44

6 × 0.03 × 700 × 314
≈ 1,112 𝜇F 

(10) 

 

Consider a standard 1500µF as Cdcf. 
 

3.3. LCL filter 
The LCL filter (L1, Cf, L2, and Rd) attenuates switching 

harmonics (>40 dB at fsw) while ensuring fast dynamics. The 

source inductance Ls adds to L2, forming effective grid-side 

inductance Lg = L2 + Ls. 
 

Furthermore, these parameters are designed with constraints as, 

- Total inductance L1 + Lg < 0.3 pu 

- Cf < 0.05 pu (limit reactive power) 

- Resonant frequency: 500 Hz < fres < 10 kHz (10f to 0.5 fsw) 

- Attenuation at fsw≥ 40 dB 

- Damping factor ζ ≈ 0.1–0.2 
 

Converter-Side Inductor (L1): 
 

𝐿1 =
𝑉𝑑𝑐

4𝑓𝑠𝑤Δ𝐼𝑝𝑝

=
700

4 × 20000 × 17
≈ 0.515 mH 

  (11) 

 

Select L1 = 0.5 mH. Voltage drops at 50 Hz: ≈ 1.13 V (<1% 

Vph). 
 

Filter Capacitor (Cf): 

𝐿𝑖𝑚𝑖𝑡: 𝐶𝑓 ≤ 0.05𝐶𝑏 ≈ 130𝜇𝐹. 𝑆𝑒𝑙𝑒𝑐𝑡 𝐶𝑓 = 10𝜇𝐹. 

𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝑝𝑜𝑤𝑒𝑟:𝑄𝐶𝑓
≈ 540𝑊(< 0.4%𝑃𝑏). 

 

Grid-Side Inductor (L2): 

Set L2 ≈ L1 for symmetry. Select L2 = 0.5 mH. 

Effective Lg = L2 + Ls = 0.5 + 0.2 = 0.7 mH. 
 

Resonant Frequency: 
 

𝑓𝑟𝑒𝑠 =
1

2π√
𝐿1𝐿𝑔

𝐿1 + 𝐿𝑔
𝐶𝑓

≈
1

2π√0.5 × 0.7 × 10−3

0.5 + 0.7
× 10 × 10−6

≈ 2,760 Hz 

       (12) 

 

Within 500 Hz–10 kHz. 
 

Damping Resistor (Rd): 
 

𝑅𝑑 ≈
1

3 × 2π𝑓𝑟𝑒𝑠𝐶𝑓

≈
1

3 × 2π × 2,760 × 10 × 10−6
≈ 1.92 Ω 

         (13) 

 

𝑆𝑒𝑙𝑒𝑐𝑡 𝑅𝑑 = 2𝛺. 
 

Attenuation at fsw: 
 

|𝐻(𝑓𝑠𝑤)| ≈
1

(2π𝑓𝑠𝑤)2𝐿1𝐶𝑓𝐿𝑔

≈ 0.0032 
       (14) 

 

Attenuation ≈ 1/0.0032 ≈ 312 
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░ Table 3. SAPF Parameters 
 

 

Parameter Symbol Value Unit 

DC-Link Voltage Vdcf 700 V 

Switching Frequency fsw 20 kHz 

Grid’s Frequency f 48 to 52 Hz 

Converter-Side Inductance L1 0.5 mH 

Filter Capacitance Cf 10 µF 

Grid-Side Inductance L2 0.3 mH 

Effective Grid Inductance Lg 0.3 to 1.0 mH 

Damping Resistor Rd 2 Ω 

Resonant Frequency fres 2760 Hz 

DC-Link Capacitance Cdcf 1500 µF 

Permissible Ripple Factor   3 % 

 

░ 4. CONTROL IN THE SYNCHRONOUS (dq) 

FRAME OF REFERENCE 
Park Transformation [0] converts 3- currents (ia, ib, ic) into 2-

 currents (id, iq), which are synchronously rotating at t (=). 

Here is derived from the voltage at PCC through ePLL.  In dq 

frame, the fundamental components look like DC, and its 

multiples\harmonics look like ripples.  

 

Figure 2. Reference Current Calculator 
 

A constant and ripple-free DC bus is anticipated for the precise 

control, and hence a PI controller, regulating the voltage at the 

DC bus. This error is added to id as shown in fig. 3.   
 

To separate the harmonic component associated with iq it is 

filtered through a HPF [0] (realized through a LPF [0][0]).  
 

These two signals make the input of the inverse park 

transformation block [0], which is driving the switching signal 

generator. 
 

4.1. Switching Signal Generator 
 

 
Figure 3a: SVPWM Switching Signal Generator 

 
 

Figure 3b. SPWMS witching Signal Generator 
 

The three currents generated by Prak’s transformation block (idq-

iabc) work as a reference (iabc*) and the same is compared with 

the output of the VSC acting as a SAPF. The output of the same 

is driving the PI controller and is being limited by a limiter in a 

tight band of 1V, as shown in fig.4. The output of the same is 

driving a constant frequency SVPWM controller.  
 

4.2. Fixed frequency space vector pulse width 

modulator 
It has been opted to drive the switches through fixed frequency 

SVPWM due to their superior DC-bus (15% higher) utilization 

and better compliance with switching frequency harmonics over 

the SPWM, and at the same time, it is simpler to implement, as 

it is relieved from the burden of timing and sector identification 

[0]. 
 

4.3. Design of a cascaded controller 

The outer voltage loop controller can be designed using its 

dynamic model, and the same can be presented in the form of a 

transfer function as, 
 

𝐺𝑣(𝑠) =
𝑉𝑑𝑐

𝑖𝑑
=

3𝑉𝑝ℎ

𝐶𝑑𝑐𝑉𝑑𝑐𝑠
=

3 × 239.6

1500 × 10−6 × 700 × 𝑠

≈
683.7

𝑠
 

  (15) 

 

Cascaded with the transfer function of a PI controller results into, 
 

𝑇𝑣(𝑠) =
𝐺𝑃𝐼,𝑣(𝑠)𝐺𝑣(𝑠)

1 + 𝐺𝑃𝐼,𝑣(𝑠)𝐺𝑣(𝑠)

=
(𝐾𝑝,𝑣𝑠 + 𝐾𝑖,𝑣) ⋅ 683.7/𝑠

1 + (𝐾𝑝,𝑣𝑠 + 𝐾𝑖,𝑣) ⋅ 683.7/𝑠
 

=
683.7𝐾𝑝,𝑣𝑠 + 683.7𝐾𝑖,𝑣

𝑠2 + 683.7𝐾𝑝,𝑣𝑠 + 683.7𝐾𝑖,𝑣

 

(16) 

 

A PI controller can be designed by judiciously considering the 

design goals and which are, 
 

Desired bandwidth (BW): ~10–20 Hz (slow to avoid interfering 

with current loop, ~100–200 times slower than fsw/100). 
 

Phase margin: ~60° for stability. 
 

Approximated as a second-order system with natural frequency 

ωn (= 2𝜋 ×  15 𝑟𝑎𝑑/𝑠) 𝑓𝑜𝑟 𝐵𝑊 𝑜𝑓  15Hz, and damping ratio ζ 

= 0.707 (for optimal damping), leads to, 

http://www.ijeer.forexjournal.co.in/
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𝜔𝑛 = √683.7𝐾𝑖,𝑣 ,  2𝜁𝜔𝑛 = 683.7𝐾𝑝,𝑣 (17) 
 

𝐾𝑖,𝑣 =
𝜔𝑛

2

683.7
≈

94.22

683.7
≈ 13.0 

(18) 

 
 

𝐾𝑝,𝑣 =
2𝜁𝜔𝑛

683.7
≈

2 × 0.707 × 94.2

683.7
≈ 2.0 

(19) 

 

The faster inner current control loop can similarly be designed 

by approximating the dominant inductance (L1 + Lg = 1.2 mH) 

below fres (2,760 Hz), and considering current control bandwidth 

<1 kHz for the plant, 
 

𝐺𝑖(𝑠) =
𝑖1(𝑠)

𝑣𝑖𝑛𝑣(𝑠)
≈

1

(𝐿1 + 𝐿𝑔)𝑠
=

1

1.2 × 10−3𝑠

≈
833.3

𝑠
 

       (20) 

 

The closed-loop transfer function, 
 

𝑇𝑖(𝑠) =
833.3𝐾𝑝,𝑖𝑠 + 833.3𝐾𝑖,𝑖

𝑠2 + 833.3𝐾𝑝,𝑖𝑠 + 833.3𝐾𝑖,𝑖

 
       (21) 

 

Considering BW: ~1–2 kHz (to track harmonics up to 1250 Hz, 

<fsw/10), and phase margin: ~60°, the controller can be designed 

as, 

𝐾𝑖,𝑖 =
𝜔𝑛

2

833.3
≈

9,4252

833.3
≈ 106,600 

 

(22) 

𝐾𝑝,𝑖 =
2𝜁𝜔𝑛

833.3
≈

2 × 0.707 × 9,425

833.3
≈ 16.0 

(23) 

 
 

 

░ Table 4. Parameters of cascaded PI Controller 
 

Parameter Symbol Value Unit 

Voltage Loop Proportional 

Gain Kpv 0.2 - 

Voltage Loop Integral Gain Kiv 13 s-1 

Current Loop Proportional 

Gain Kpi 16 - 

Current Loop Integral Gain Kii 106600 s-1 
 

4.4. Stability Analysis of the Designed Cascaded 

Controller 
The stability assessment of the designed inner current loop 

controller was conducted using Bode plot analysis of SAPF 

under the proposed control, complemented by impedance-based 

evaluation of the cascaded LCL filter and grid impedance. 
 

4.4.1. Bode Plot  

 
Figure 4. Bode Plot of Open and Closed Loop SAPF 

 

The Bode plot shown in fig. 4 indicates a stable, well-tuned current loop. The open-loop magnitude crosses 0 dB around 104 rad/s, 

and the corresponding phase remains comfortably above −180°, suggesting an adequate phase margin (>45°). The closed-loop curve 

shows limited peaking near bandwidth and a clean roll-off, implying good damping of the LCL resonance and minimal sensitivity 

to grid variations. The convergence of  
 

open and closed-loop responses past the crossover, alongside the absence of multiple crossovers or sharp phase dips, supports robust 

stability. Overall, the PI-shaped loop achieves bandwidth safely below the resonant features, balancing responsiveness with 

resilience. 
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4.4.2. Impedance Plot  

 
Figure 5. Impedance Plot of LCL filter with variable Grid Impedance 

 

The impedance plot of fig.5 demonstrates a well-controlled LCL resonance that shifts to lower frequencies as Lg increases (0.30 – 

1.00 mH), effectively shaping the filter away from typical switching bands. The rounded resonance profiles under passive damping 

(Rd=2 Ω) confirm stable current-loop operation and mitigate oscillatory risks even with Lg variations up to 1.0 mH. Robustness is 

further indicated by the absence of sharp spikes and consistent high-frequency attenuation (resonance occurs between 1567 Hz to 

2762 Hz with amplitude variation of 21.4 Ω to 52.4 Ω), ensuring tolerance to source impedance changes without destabilizing 

interactions. 

 

░ 5. PERFORMANCE EVALUATION OF SAPF IN dq FRAME 

 
 

Figure 6. Simulation Test Bench

The simulation, as shown in fig.7, is carried out with  

• perturbations applied at every half of the second in load, which vary from 2.23𝛺 (45.2 Kw) to 4.46𝛺 (135 Kw). 

• Variation in grid impedance from 0.3 mH to 1.0 mH, takes place every second.  

• Source voltage is varied after every two seconds in the range of 415 20% (332V - 415V - 498V) 

• Frequency of the source is varied from 48 Hz to 50 Hz to 52 Hz. This variation is also applied along with the variation in the 

voltage. 

These variations have been mapped with time in the table 5, as well.  

Heuristic 
Source 

Variable grid 
Impedance

Non Linear Load

SAPF

SVPWM control in dq frame

LCL Filter

abc-dq
and

dq-abc

SVPWM
Gen.
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Figure 7. Perturbations in Grid voltage, Frequency, Load, and Impedance of the Grid 
 

Here, the considered system is of a 3- 3-wire type, where, as a measure of cost cutting, the samples of 2- currents from PCC, 2- 

currents at the output of the VSC, and the voltage of the DC-bus are fetched to the controller. The remaining third phase current can 

be derived from the available currents. Here, the purpose is to comply with the IEEE-519 standard [0] by reducing the THD below 

5% and setting the power factor close to 1 so as to reduce the reactive power. 

 

░ 6. RESULTS AND ANALYSIS 
The effectiveness of the proposed control strategy has been validated through comparison with the same system operating under a 

sinusoidal pulse-width modulated (SPWM) SAPF. Here, the non-linear load has been made more stringent by deliberately 

debilitating its filter’s performance in the case of SVPWM control, with parameters set to Ldc=0.5 mH and Cdc=500 µF. This 

adjustment was intended to drive a higher level of harmonic distortion (% THD) towards the PCC, as is evident from table 5. 
 

Fig.8 presents the absolute spectrum of 6s of simulation, and it incorporates variation in current at PCC and before PCC, voltage at 

PCC, DC-bus voltage profile o SAPF, and a voltage emanated by the source. We barely find any larger transient peaks in any of the 

plots, at the wake of change in the perturbing parameters. 
 

 
Figure 8. Instantaneous values of current and voltages at PCC, harmonically molested current between PCC and non-linear load, DC-bus 

voltage of SAPF, and perturbing Grid Voltage having frequency variation 

http://www.ijeer.forexjournal.co.in/


 

                                                    International Journal of 
                    Electrical and Electronics Research (IJEER) 

Open Access | Rapid and quality publishing                                   Research Article | Volume 13, Issue 4 | Pages 932-942|e-ISSN: 2347-470X 
 

   
Website: www.ijeer.forexjournal.co.in                                                             Fixed Frequency SVPWM+PI Controlled LCL Shunt 939 

 

The Fast Fourier Transform (FFT) of the complete spectral results shown in fig. 8 is presented in fig. 9 to confirm the presence of 

three distinct frequency components. This observation is further substantiated by the appearance of three prominent peaks in each 

spectral window. The phase current (Ia), measured between the PCC and the load, clearly exhibits higher harmonic components in 

the case of SVPWM control, occurring at integer multiples of the corresponding fundamental frequencies. 
 

 
 

Figure 9. FFT analysis of parameters presented in figure 8 

 
Figure 10. Parameters of Fig.8 sampled between 0 to 0.6s, showing a startup instance. 

 
 

Figure 11. FFT analysis of parameters presented in fig. 10 (for the spectrum of 0 to 0.5 s) 
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Fig.10 shows the fast and efficient response of the ePLL, which is extracting a perfect voltage reference from the distorted one (due 

to a weak grid, the harmonics in the current are causing further molestation of the voltage) in less than two cycles from the initial 

startup. Ia, measured between the PCC and the load, appears discontinuous in the case of SVPWM, with the Total Harmonic 

Distortion (THD) varying between 34.1% and 76.7%. In contrast, under SPWM, the current exhibits a quasi-square waveform with 

THD ranging from 27.7% to 29.6%. These observations are corroborated by the data presented in table 5. The same is evident from 

the FFT spectrum of the same presented in fig.11, revealing higher 5th and 7th order harmonics in the case of SVPWM control, while 

maintaining a matching fundamental current at the PCC. 

 
Figure 12. Transitions at the wake of a change in voltage, frequency, load, and grid reactance 

 

Figure 12 shows a transitional event where the voltage, frequency, load, and grid reactance are altering at the instance of 2s. We 

could see a transient and distortion-free transition in Ia at PCC without any considerable delay, in both the cases. 
  
░ Table 5. Comparative Result Analysis 
 

 

Time  

(s) 

f 

(Hz) 
Va (rms) 

Lg 

(mH) 

Pdc 

(Kw) 

%THD in 

IaSVPWM 

%THD 

in 

IaSPWM 

%THD in 

ILSVPWM 

%THD in 

ILSPWM 

%THD in 

VaSVPWM 

%THD in 

VaSPWM 

P.F. 

with  

SVPWM 

P.F. 

with  

SPWM 

0 to 0.5 48 191 3.5 45.2 2.2 3.5 66.4 29.6 10.4 5.4 0.995 0.998 

0.5 to 1.0 48 191 7 90.4 2.1 3.1 34.1 29.2 18.1 7.8 0.999 0.999 

1.0 to 1.5 48 191 3.5 45.2 2.2 3.0 67.1 29.3 20.0 10.3 0.998 0.998 

1.5 to 2.0 48 191 7 90.4 1.8 2.5 34.2 28.8 27.3 12.2 0.999 0.997 

2.0 to 2.5 50 240 3.5 56.4 2.1 3.8 75.7 29.6 10.1 4.7 0.999 0.997 

2.5 to 3.0 50 240 7 112.7 2.2 4.4 35.0 28.8 10.8 5.4 0.997 0.995 

3.0 to 3.5 50 240 3.5 56.4 1.8 3.4 76.7 29.2 12.6 5.7 0.998 0.995 

3.5 to 4.0 50 240 7 112.7 1.6 3.4 35.2 28.4 16.3 8.2 0.994 0.990 

4.0 to 4.5 52 288 3.5 67.6 2.5 4.1 75.2 29.5 13.2 4.1 0.998 0.997 

4.5 to 5.0 52 288 7 135 2.3 5.3 35.4 28.5 12.6 5.2 0.995 0.994 

5.0 to 5.5 52 288 3.5 67.6 2.3 3.3 75.2 29.1 21.9 6.3 0.998 0.996 

5.5 to 6.0 52 288 7 135 1.8 5.9 35.2 27.7 18.1 7.2 0.992 0.990 
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The comparative results presented in table 5 reveal that 

SVPWM consistently achieves lower current distortion in Ia 

compared to SPWM, with %THD values remaining between 

1.6–2.5% versus 2.5–5.9% (gross violation of IEEE 529), in the 

presence of significantly higher distortion in IL under SVPWM, 

often exceeding 65–75% compared to 30% with SPWM. Higher 

distortion in Ia with SVPWM is the cause of greater distortion in 

Va (10–28% THD) compared to only 5–13% in SPWM. 

Moreover, the power factor with SVPWM is marginally better 

compared to that of SPWM. Settling time in all the cases of 

perturbing instances of changeover is less than 4ms, as could be 

witnessed from fig. 8, fig. 10, and fig.12. Overall, SVPWM is 

more effective at minimizing source current THD and 

enhancing power quality at the grid interface. 

 

░ 7. REAL TIME IMPLEMENT ABILITY 
Real-time implement ability of the Shunt Active Power Filter 

(SAPF) depends on how efficiently its control algorithms and 

hardware can respond to dynamic grid conditions. With the PI–

SVPWM strategy, the system achieves fast current tracking and 

effective harmonic compensation, ensuring that corrective 

signals are generated within each switching cycle. The use of an 

LCL filter with proper damping further stabilizes the response, 

making the SAPF robust against grid variations. Considering 

the computational burden of controller implementation—which 

requires abc-to-dq transformation and fixed-frequency 

SVPWM control—a low-latency floating-point digital signal 

processor (DSP), such as the Texas Instruments 

TMS320F28379D, is essential for real-time operation. 

Moreover, the solution must remain cost-effective. In addition, 

the use of precision Hall-effect current sensors (e.g., Allegro 

ACS713) ensures reliable power quality improvement without 

introducing computational delays. 

 

░ 8. CONCLUSION 
This work demonstrated the design and validation of a robust 

yet simple, shunt active power filter, being controlled through 

Space Vector PWM (SVPWM), operating in the microgrid 

framework. The optimal LCL filter achieves exceptional 

harmonic attenuation (>50 dB at 20 kHz), surpassing LC filter 

performance, with effective passive damping and a compact 

footprint. This has been validated through a thorough 

comparison of SVPWM with Sinusoidal PWM (SVPWM) 

control for the same system of grid condition, but with a more 

stringent nonlinear load proliferating more harmonics for the 

SVPWM control. 
 

Cascaded PI controllers in the synchronous reference frame 

provide precise DC voltage regulation and accurate harmonic 

tracking up to 1250 Hz, while offering flexibility for reactive 

power compensation through (Iq
*) adjustment. As evidenced in 

table 5, the proposed SAPF achieves a substantial reduction in 

source current THD, lowering it from 34.1–76.7% to 1.6–2.5%, 

even under distorted grid voltages where (Va) THD ranges 

between 10–28%. The system maintains a near-unity power 

factor of 0.99, demonstrating compliance with IEEE-519 

standards across diverse load and grid conditions. These results 

confirm that the designed SAPF and its cascaded PI–SVPWM 

controller not only ensure grid-side harmonic suppression but 

also exhibit robustness and reliability, thereby validating the 

efficacy of the proposed control strategy for real-time power 

quality enhancement. 
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