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Abstract. Nowadays, the majority of electronic equipment behave as nonlinear 

loads, introducing Power Quality (PQ) problems into the Power Grid (PG), 

namely, current harmonics and low power factor. These PQ problems contribute 

to the reduction of the efficiency of the transmission and distribution PG, as well 

as induce the malfunctioning of sensitive loads connected to the PG. Therefore, 

the development of equipment able to mitigate these PQ problems is extremely 

important. In this context, this paper presents a novel single-phase Shunt Active 

Power Filter (SAPF) based on a current-source converter, where the key differ-

encing factor, when compared with the conventional approach, is the reduced 

dc-link. As the proposed topology requires a reduced dc-link, it represents a rel-

evant advantage, since a typical current-source converter needs an inductor with 

a high inductance in dc-link, which results in higher losses, costs and component 

sizing. The proposed SAPF with reduced dc-link is introduced in detail along the 

paper and a comprehensive comparison with the conventional SAPF is estab-

lished based on computer simulations. Besides, an experimental validation was 

carried-out with a developed laboratory prototype, validating the main ad-

vantages of the proposed SAPF with reduced dc-link. 

Keywords: Current Harmonics, Current Source Converter, Shunt Active Power 

Filter, Power Quality. 

1 Introduction 

The shunt active power filter (SAPF) is used for power factor correction, for current 

harmonics elimination and, in case of three-phase systems, for current unbalances com-

pensation [1][2][3]. In addition, as presented in [4] and [5], to mitigate the power qual-

ity (PQ) problems, the SAPF can also be used for interfacing renewable energy sources 

with the power grid (PG). Moreover, as presented in [6], in [7] and in [8], the function-

alities of SAPF can be incorporated in electric vehicle battery chargers, representing a 

relevant contribution for the future smart grids, where the electric vehicle can be seen 

as a dynamic controllable load in the PG. 

Concerning the structure of the SAPF, depending on the dc-link constitution, it can 

be classified as a voltage-source or as a current-source [9]. A comparison between both 

structures for simple applications of SAPF is presented in [10] and for applications of 
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electric mobility is presented in [11]. Since the focus of this paper is the current-source, 

a more detailed explanation is provided for this structure.  

The current-source SAPF is composed by a coupling CL filter with the power grid 

and by an inductor in the dc-link. The dc-ac power converter is composed by semicon-

ductors totally controlled such as MOSFETs, IGBTs or RB-IGBTs. These devices, in 

comparison with GTOs and BJTs, can operate with higher switching frequencies, re-

quiring smaller output passive filters, translating into a more compact and cheaper so-

lution. In addition, the input impedance is higher, which results in low power consump-

tion [12]. However, when using IGBTs, it is needed to connect them in series with 

diodes, in order to ensure reverse-blocking, thus it is avoided that the current flows by 

the antiparallel-diodes of IGBTs. However, an alternative to this method consists in 

replace the IGBTs with the diodes in series by RB-IGBTs, which the use of diodes 

becomes unnecessary [13][14]. The current-source SAPF needs an inductor in dc-link 

with a huge value of inductance, which is necessary to reduce the ripple of the current 

for an acceptable value in dc-link.  

The aim of this paper is to present a topology that allows the reduction of the induct-

ance value of the inductor in dc-link. Moreover, the operation losses are reduced as well 

as the dimensions and the costs of the component are diminished. On the other hand, 

an inductor with reduced inductance value in dc-link allows a faster current control and 

thus, the average value of current can be minimized. In this context, the main contribu-

tions of this paper are: (a) A novel topology for a SAPF based on a current-source power 

converter with reduced dc-link; (b) A SAPF constituted by RB-IGBTs in the main in-

verter; (c) An experimental validation of the proposed SAPF. 

2 SAPF with Reduced dc-link: Proposed Topology 

As described in the introduction, the main contribution of this paper is the reduced 

dc-link of the SAPF. For this purpose, it is adopted a topology of a current-source in-

verter with a modified dc-link. This topology consists of a hybrid energy storage, com-

posed by one inductor, one capacitor, two diodes and two IGBTs [15]. The conventional 

topology of a single-phase current-source SAPF based on RB-IGBTs is presented in 

Fig. 1, while the proposed single-phase current-source SAPF with reduced dc-link is 

presented in Fig. 2. As shown, the main differentiating factor of the proposed topology 

is the dc-link, however, also the coupling filter with the power grid is different from the 

conventional solution of CL filter [16]. Concerning the reduced dc-link, it is shown the 

dc-dc power converter in series with the single-phase current-source SAPF. 

3 Proposed Control Algorithm 

Concerning the simulation of the dc-dc converter, the first step consists in calculate the 

loads active power. By multiplying the load current by the fundamental component of 

the load voltage obtained through EPLL [17] algorithm it is obtained the instantaneous 

power, p. Subsequently, using a sliding average algorithm, it is possible to obtain the 
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average value, . Then, the calculation of the oscillating component of the instantane-

ous power is determined by (1). 

 

Fig. 1. Electrical schematic of the conventional single-phase SAPF based on a current-source 

inverter. 

 

Fig. 2. Electrical schematic of the proposed topology of the single-phase SAPF based on a cur-

rent-source inverter with reduced dc-link. 
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  (1) 

After the calculation of the oscillating power, , it is possible to obtain the reference 

voltage for the dc-dc converter, , dividing  by the current value measured in in-

ductor of dc-link, iDC, such as represented in (2). 

  (2) 

The modulation of the converter is performed with a fixed frequency of 40 kHz, with 

three switching states: +vDC, 0 and -vDC. If the reference voltage, , is positive, both 

IGBTs S5 and S6 are enabled and the instantaneous voltage, vout, is equal to +vDC, 

whereas if the reference voltage is negative, the IGBTs S5 and S6 are disabled and the 

instantaneous voltage vout is equal to -vDC. The instantaneous voltage value, vout, is zero 

when only one IGBT, S5 or S6, is enabled. The operation states of the dc-dc converter 

are presented in Table 1. 

Table 1. Operation states of the dc-dc converter. 

State   vout 
1 1 1 +vDC 

2 0 0 -vDC 

3 1 0 0 

4 0 1 0 

The proposed topology allows to reduce the inductance value of the inductor in 

dc-link of the inverter, since the dc-dc converter stores most of the energy which was 

stored exclusively by the inductor [15]. In order to understand the operation principle 

of the proposed topology, key computer simulation results were obtained for the con-

ventional SAPF and for the proposed SAPF with modified dc-link, where were consid-

ered inductors, LDC, of 200 mH and 50 mH, respectively. Fig. 3 shows the current in 

dc-link in both topologies, whose current regulation was made through a PI controller 

presented in [18], for a reference of 20 A. It is important to note that the gains of the PI 

controller influence the overshoot observed in both simulation results. As it can be seen, 

the current stabilizes for the required reference of current at the instant 0.25 ms. 

Fig. 4 shows the voltage, vDC, in the capacitor of dc-dc converter, where it can be 

observed that since the instant 0.2 s, the dc-dc power converter is activated and the 

capacitor, CDC, starts storing energy with a maximum voltage of, approximately, 400 V. 

As part of the energy is stored in the capacitor, the inductor of the inverter does not 

need a huge inductance value, representing the key advantage of the proposed topology. 

Considering both topologies, simulation results were also obtained to analyze the 

compensation of PQ problems. Therefore, at the time 0.22 s the loads are connected in 

both simulations. The loads connected are the same for both topologies. Fig. 5 shows 

the PG voltage, vS, and the load current, iL, where it can be observed that the current is 

delayed in relation to the voltage and presents a Total Harmonic Distortion in relation 

to the fundamental component, THD%f, of 36.45%. 
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As the current consumed by loads introduces current harmonics in the power grid, it 

is necessary the injection of the compensation current produced by the SAPF, which in 

this case is obtained through the Fryze theory [19][20]. 

Fig. 6 (a) shows the compensation current produced by both SAPFs. The behavior 

of Fryze theory can be proven by subtracting the current consumed by loads, iL, by the 

 
Fig. 3. Simulation results of dc-link current, iDC, regulation: (a) Conventional SAPF;(b) SAPF 

with reduced dc-link. 

 
Fig. 4. Simulation result of the dc-link regulation of the proposed dc-dc power converter SAPF 

with reduced dc-link. 

 
Fig. 5. Simulation results of the power grid voltage, vS, and the load current, iL, in both topolo-

gies. 
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reference compensation current, , resulting in the theoretical current in the source, as 

it is showed in Fig. 6 (b) and Fig. 6 (c). 

Finally, in Fig. 7 (a) are illustrated the voltage, vS, and the current, iS, in the grid after 

compensation for the conventional SAPF, where the THD%f  of current is reduced to 

4.25%. On the other hand, as shown in Fig. 7 (b), with the proposed SAPF with reduced 

dc-link, the source current, iS, is almost sinusoidal, presenting a THD%f   of 7.78%. 

 
Fig. 6. Simulation results: (a) Reference compensation current produced by the Fryze theory, 

(b) Theoretical compensation current for the conventional SAPF; (c) Theoretical compensation 

current for the proposed SAPF with reduced dc-link. 

 
Fig. 7. Simulation results of the power grid voltage, vS, and power grid current, iS, after com-

pensation: (a) Conventional SAPF; (b) Proposed SAPF with reduced dc-link. 
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4 Evaluation and Comparison 

With the help of the computer simulations, it is possible to compare the two topologies 

in more detail. In Table 2 are presented the inductance values used in both simulations, 

the THD%f and the power factor (PF). As can be observed, the inductance of the inductor 

in dc-link used in the SAPF with reduced dc-link is four times lower in comparison 

with the inductor that composes the dc-link of the conventional SAPF. On the other 

hand, in both simulations, it is obtained a unitary PF. However, the THD%f is somewhat 

higher than that obtained in conventional SAPF. Analyzing the simulation results, it 

can be concluded that the proposed topology has more advantages, once it was proved 

that it is possible to reduce the inductance value of the inductor in dc-link of the cur-

rent-source inverter. 

Table 2. Comparison between the conventional SAPF and the proposed SAPF with reduced dc-

link. 

Parameters   

Inductance (mH) 200 50 

THD%f 4.25 7.78 

PF 0.99 0.99 

Once validated the principle of operation of the proposed topology, a prototype of 

the dc-dc converter and the single-phase current-source inverter was developed (Fig. 

8). Thereafter, are presented the main experimental results obtained for the proposed 

SAPF with reduced dc-link. The current-source inverter is composed by two legs with 

two RB-IGBTs (Fuji Electric, model FGW85N60RB) in each leg. In each RB-IGBT is 

connected a protection circuit against overvoltage. Besides that, in order to ensure the 

protection of the inverter, are connected varistors in parallel with the RB-IGBTs and 

with the dc-link, whose actuation voltage is of 510 V. On the other hand, the dc-dc 

converter consists of two IGBTs (Fairchild Semiconductor, model 

FGA25N120ANTD). The protection circuit of these semiconductors are similar to the 

RB-IGBTs of the inverter. In each leg, the IGBTs are connected in series with one diode 

(IXYS, model DSEP 29-12). For the dc-link voltage, it was defined a nominal voltage 

of 400 V and nominal capacitance of 100 µF, resulting in a dc-link composed by five 

capacitors of 20 µF (Vishay, model MKP1848C) in parallel. Moreover, it was devel-

oped three driver boards, two of them to actuate the RB-IGBTs and one to actuate the 

IGBTs of the dc-dc converter. The driver boards used to the current-source inverter 

generates the overlap-time needed for the correct operation of the inverter. 

Fig. 9 shows the PG voltage, , and the signal generated by the EPLL, vPLL. It should 

be noted that the transient verified, shows that the output signal of the EPLL, vPLL, rap-

idly reaches the synchronism with the PG voltage. Despite the PG voltage being dis-

torted, the output signal of the EPLL, vPLL, is sinusoidal and in phase with the power 

grid fundamental voltage, as intended. 

To ensure the correct operation of the single-phase current-source inverter, it is nec-

essary to establish an overlap-time between the two command signals. It is important 

to mention that only one superior semiconductor, S1 or S3, and inferior semiconductor, 
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S2 or S4, are connected, except during the overlap-time. Therefore, when one of the 

superior semiconductors is open, the other superior semiconductor starts conducting, 

the same happens with the inferior semiconductors. In Fig. 10, it can be observed the 

overlap-time with duration of 1 µs between the two command signals. 

In order to verify the effectiveness of the Fryze theory, it is calculated the theoretical 

current in the power grid side, subtracting the measured current in load, iL, from the 

compensation current, . Therefore, the theoretical current in the grid side can be 

Fig. 8. Final prototype of the dc-dc converter and the single-phase current-source inverter fixed 

to heatsink. 

 

Fig. 9. Experimental results of the proposed SAPF with reduced dc-link: Synchronism of the 

EPLL, vPLL, with the power grid voltage, vS. 

 
Fig. 10. Experimental results of the proposed SAPF with reduced dc-link concerning the over-

lap-time between the gate signals of the semiconductors: (a) S1 and S3; (b) S2 and S4. 
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demonstrated through the MATH functionality available in oscilloscope, Tektronix 
TPS 2024, which allows the calculation previously described. Fig. 11 shows the theo-

retical current in source, (iL - ), the load current, iL, the compensation current, , 

and the signal generated by EPLL, vPLL. 

After that, it was performed the regulation of the current in dc-link of the inverter, 

applying the PI controller. The performance of the PI control technique is validated for 

a reference current of 2 A. Fig. 12 illustrates the behavior of the current in dc-link, iDC, 

where it can be observed that the measured current in dc-link, iDC, after the initial tran-

sient, follows perfectly the reference current, . For this reason, it can be concluded 

that the control technique has a good performance. 

5 Conclusions 

This paper proposes a novel current-source shunt active power filter (SAPF), aiming to 

reduce the inductance value, to minimize the costs, the losses and the dimensions of the 

system. Throughout the paper are described in detail the simulations realized, where it 

 

Fig. 11. Experimental results of the proposed SAPF with reduced dc-link concerning the Fryze 

theory: Load current, iL; Compensation current, ; Theoretical current in the grid side, (iL - ); 

Signal generated by the EPLL, vPLL. 

 

Fig. 12. Experimental results of the proposed SAPF with reduced dc-link during the dc-link cur-

rent regulation: Reference current, ; Dc-link current, iDC. 
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was proved the possibility of reducing the value of inductance for a considerably low 

value. Moreover, this paper presents the operation principle of the dc-dc converter that 

has a crucial role in the proposed topology. Due to the hybrid energy storage strategy, 

part of the energy is stored by the capacitor of the dc-dc converter, and thus, it is not 

necessary a huge inductor in the dc-link. On the other hand, it is approached the power 

theory used for obtaining the compensation current produced by the SAPF. The devel-

oped prototype is presented and describe in detail. Finally, are presented the main ex-

perimental results, validating the operation of the proposed SAPF with reduced dc-link. 

Acknowledgment 

This work has been supported by FCT – Fundação para a Ciência e Tecnologia with-in 

the Project Scope: UID/CEC/00319/2019. This work has been supported by the FCT 

Project QUALITY4POWER PTDC/EEI-EEE/28813/2017, and by the FCT Project 

newERA4GRIDs PTDC/EEI-EEE/30283/2017. 

References 

1. M. H. Rashid, Power Electronics Handbook. 2001, Academic Press. ISBN: 0125816502. 
2. K. R. Chaudhari and T. A. Trivedi, “Analysis on Control Strategy of Shunt Active 

Power Filter for Three-phase Three-wire System,” in Transmission & Distribution 
Conference and Exposition – Latin America, IEEE PES, 2014, pp. 1–6. 

3. J. G. Pinto, H. Gonçalves, and J. L. Afonso, “Condicionadores Ativos de Potência 

para Mitigação de Problemas de Qualidade de Energia Elétrica em Instalações In-

dustriais,” Rev. Robótica, vol. 90, no. Mar-2013, pp. 56–58, 2013. 
4. P. Neves, D. Gonçalves, J. G. Pinto, R. Alves, and J. L. Afonso, “Single-Phase Shunt Active 

Filter Interfacing Renewable Energy Sources with the Power Grid,” IEEE Conf., pp. 3264–

3269, 2009, DOI: 10.1109/IECON.2009.5415208. 

5. J. G. Pinto, R. Pregitzer, L. F. C. Monteiro, and J. L. Afonso, “3-Phase 4-Wire Shunt Active 

Power Filter with Renewable Energy Interface Key words,” no. 1, pp. 28–30, Mar 2007, 

DOI: 10.24084/repqj05.350. 

6. Monteiro, V.; Pinto, J.G.; Afonso, J.L., Improved Vehicle-for-Grid (iV4G) Mode: Novel 

Operation Mode for EVs Battery Chargers in Smart Grids. ELSEVIER International Journal 

of Electrical Power and Energy Systems, 2019, vol.110, pp.579-587. 

7. Márcio C. B. P. Rodrigues, Igor Souza, André A. Ferreira, Pedro G. Barbosa, Henrique A. 

C. Braga, “Integrated bidirectional single-phase vehicle-to-grid interface with active power 

filter capability,” COBEP Power Electronics Conference (COBEP), pp.993-1000, Oct. 

2013. 

8. Lutz Rauchfu, Jérémie Foulquier, Ralf Werner, “Charging Station as an Active Filter for 

Harmonics Compensation of Smart Grid,” IEEE ICHQP International Conference on Har-

monics and Quality of Power, pp.181-184, May 2014. 

9. B. Singh, K. Al-haddad, and A. Chandra, “A Review of Active Filters for Power Quality 

Improvement,” vol. 46, no. 5, pp. 960–971, 1999, DOI: 10.1109/41.793345. 



11 

10. J. G. Pinto, Bruno Exposto, Vítor Monteiro, L. F. C. Monteiro, João L. Afonso, "Comparison 

of Current-Source and Voltage-Source Shunt Active Power Filters for Harmonic Compen-

sation and Reactive Power Control" IEEE IECON 38th Annual Conference of the IEEE 

Industrial Electronics Society, Montreal Canada, pp. 5143-5148, Oct. 2012. 

11. Vítor Monteiro, J. G. Pinto, Bruno Exposto, João L. Afonso, "Comprehensive Comparison 

of a Current-Source and a Voltage-Source Converter for Three-Phase EV Fast Battery 

Chargers", CPE International Conference on Compatibility and Power Electronics, Lisboa 

Portugal, pp.173-178, June 2015. 

12. S. R. Jang, H. J. Ryoo, G. Goussev, and G. H. Rim, “Comparative study of MOSFET and 

IGBT for high repetitive pulsed power modulators,” IEEE Trans. Plasma Sci., vol. 40, no. 

10 PART 1, pp. 2561–2568, 2012, DOI: 10.1109/TPS.2012.2186592. 
13. M. Salo and S. Pettersson, “Current-Source Active Power Filter with an Optimal DC Current 

Control,” Power Electron. Spec. Conf. 2006. PESC ’06. 37th IEEE, pp. 1–4, 2006, DOI: 

10.1109/PESC.2006.1711975. 

14. M. Routimo, M. Salo, and H. Tuusa, “Comparison of voltage-source and current-source 

shunt active power filters,” IEEE Trans. Power Electron., vol. 22, no. 2, pp. 636–643, 2007, 

DOI: 10.1109/TPEL.2006.890005. 

15. S. Pettersson, M. Salo, and H. Tuusa, “Optimal DC current control for four-wire current 

source active power filter,” 2008 Twenty-Third Annu. IEEE Appl. Power Electron. Conf. 

Expo., pp. 1163–1168, 2008, DOI: 10.1109/APEC.2008.4522869. 

16. N. Hensgens, M. Silva, J. A. Oliver, J. A. Cobos, S. Skibin, and A. Ecklebe, “Optimal design 

of AC EMI filters with damping networks and effect on the system power factor,” 2012 
IEEE Energy Convers. Congr. Expo. ECCE 2012, vol. 7, no. 2, pp. 637–644, 2012, DOI: 
10.1109/ECCE.2012.6342761. 

17. M. Karimi-Ghartemani and M. R. Iravani, “A method for synchronization of power elec-

tronic converters in polluted and variable-frequency environments,” IEEE Trans. Power 

Syst., vol. 19, no. 3, pp. 1263–1270, 2004, DOI: 10.1109/TPWRS.2004.831280. 

18. G. A. V. Caceres, J. C. G. Lizarazo, M. A. M. Villalobos, and J. F. P. Suarez, “Active power 

filters: A comparative analysis of current control techniques,” 2010 Ieee Andescon, pp. 1–6, 

2010, DOI: 10.1109/ANDESCON.2010.5631646. 

19. V. Staudt, “Fryze - Buchholz - Depenbrock : A time-domain power theory,” pp. 1–12, 2008, 

DOI: 10.1109/ISNCC.2008.4627481. 

20. L. S. Czarnecki, “Budeanu and Fryze : Two frameworks for interpreting power properties 

of circuits with nonsinusoidal voltages and currents,” Electr. Eng., vol. 80, no. Teoria de 

Potência, pp. 359–367, 1997, DOI: 10.1007/BF01232925. 

 


