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Abstract— The paper deals with MATLAB/Simulink models 
of single-phase active filters used for reducing the harmonic 
level and electromagnetic interference and to get compliance 
with the power quality standards. Four cases are modeled 
and studied in order to design and tune the best configura-
tion for the active filter. Two of them are determined by the 
configuration of the load, which consists of a single-phase 
rectifier which feeds a resistive load, having a capacitive dc 
filter as a first setup and an inductive dc filter as the second 
setup. The single-phase active filtering system is based on a 
single-phase Voltage Source IGBT inverter with dc-link 
capacitor and a complete current control system that uses 
two different pulse-width modulation techniques. The two 
switching techniques, triangular carrier and hysteresis, de-
termine the third and the fourth cases. The power quality 
and the existing standards are discussed, including the dis-
turbances in a power system for a single-phase rectifier. The 
harmonics, how they are generated, and what problems they 
may introduce in the power system, are presented. The ref-
erence current for the power active filter is generated by the 
means of a resonant sinusoidal signal integrator filter im-
plemented with a transfer function block. All simulations 
performed in MATLAB/Simulink validate the theoretical 
considerations but not all of them reveal a good agreement 
with the existing standards. The sinusoidal signal integrator 
integral coefficient it's tuned in order to obtain a good com-
promise between grid THD current and transient response 
to load change. The results are interpreted and centralized 
so they can be useful in possible hardware implementation. 

I. INTRODUCTION 
Energetic is an area of particular importance that has 

grown stronger in the sense of the utilization of computers 
for different activities in generation, transmission and dis-
tribution of electricity to consumers. The use of data ac-
quisition systems in various industrial processes has led to 
the development, diversification and improvement of all 
power system related components [1]. 

Continuous monitoring of power quality parameters has 
primarily a preventive function not allowing the consum-
ers to affect the grid and, on the other hand, has the func-
tion of objective control for the observance of compliance 
with the contractual obligations (for both sides) to estab-
lish appropriate measures by national and international 
standards [1]. 

The requirements regarding power quality are very im-
portant. Different equipments are used to improve the 
power quality, e.g., transient suppressors, line voltage 
regulators, un-interrupted power supplies, passive power 
filters, active power filters (APF), and hybrid power filters 
[1]–[7]. 

Nowadays it is very common to observe the use of pas-
sive elements designed to correct the power factor or to 
drain some harmonic components from the load currents. 
However, in sensitive power systems, resonances involv-
ing the system’s impedance with these passive filters may 
occur, resulting in an inadequate operation of the passive 
filter [1], [2]. 

Different mitigation solutions are currently proposed 
and used in practical applications to reduce the superior 
harmonics in power grids. Over the past few decades, the 
use of active filtering techniques has become more attrac-
tive due to the technological progress in power electronic 
switching devices, enhanced numerical methods, and 
more efficient control algorithms [3]. 

The paper proposes an active power filter as a method 
for monitoring and controlling the power quality parame-
ters in single-phase systems in order to reduce the har-
monic distortion generated by non-linear loads. 

II. ASPECTS OF POWER QUALITY 

A. Power Quality Problems 
Power quality is a simple term, but it describes a variety 

of problems found in any electrical system [8], [9]. Fig. 1 
provides an overview of power quality problems. 

 
Fig. 1. Power quality concerns. 
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Several disturbances found in any electrical grid are: 
voltage sags; micro-interruptions; long interruptions; volt-
age spikes; voltage swells; voltage fluctuations; unbal-
anced voltages; electrical noise; harmonic distortion [10]. 

B. IEEE 519-1992  Standard 
IEEE developed numerous standards regarding the 

power quality, among them the most appropriate being the 
Standard 519-1992 [9], [10].  

IEEE Standard 519 - 1992 was first introduced in 1981 
to give a direction concerning the approach of harmonics 
introduced by static power converters and other nonlinear 
loads, so that power quality problems can be avoided [9], 
[10]. Section 10 of the IEEE 519 – 1992 standard defines 
limits for different harmonic indices strongly correlated 
with the effects of harmonics. These prescribed limits are 
suggested values, and not absolute limits that cannot be 
overcome.  

The defined indices are: total harmonic distortion of 
voltage - THDV; total harmonic distortion of current - 
THDI; the depth of the notch, the total area of the notch, 
and the dc bus distortion voltage by switching notches. 

Because the ability of a harmonic source to produce 
harmonic distortion is depending directly to the system 
impedance, it is necessary to be measured by specifying 
the short-circuit current [9].  

This standard specifies the limits of harmonic voltage at 
5% for the total harmonic distortion, and at 3% from the 
fundamental voltage for a single harmonic. As for the 
THD of current, the limit is depending on the system im-
pedance. Individual harmonic current weights are defined 
separately, in harmonic groups.  For our modeled system, 
THDI can be maximum 5% [9].  

The prescribed limits are applying only in steady state 
conditions and can be overcome in transient regimes by 
maximum 50 % [9]. 

III. MEASURES FOR THE POWER QUALITY IMPROVEMENT 

A. Single-Phase Power Filters  
By frequent use of power electronic converters, such as 

half-bridge or full-bridge rectifiers, fluorescent lamps, and 
so on, all being non-linear loads, the distorted currents and 
voltages may increase [1]. Extensive use of these non-
linear loads leads to a power quality decrease, adversely 
affecting the power system performance. The presence of 
non-linear loads results in harmful effects for the power 
supply, leading to overheating cables, constant triggering 
of circuit breakers, noise, and so on. 

In order to take corrective measures, several solutions 
have are available, the most effective in terms of quality 
being the active filtering [1], [2], [11]. 

One solution for eliminating most of the harmonic con-
tent is using a passive power filter containing filtering 
RLC cells tuned to the dominant harmonics. In single-
phase systems, representatives are the 3rd, 5th, 7th, 9th, 
and 11th harmonics. If severe distortion exists, many cells 
may be needed making the solution impractical [1], [11]. 

The main requirement for an active power filter (APF) 
is to mitigate harmonics, but reactive power compensation 
is also possible. APF power factor compensation is con-
tinuous, rapid, and transient free. Passive filters always 
produce a certain amount of reactive power. This is not  

 

 
Fig. 2. Configuration of the single phase system, with the equivalent 
grid source, the active power filter and the non-linear diode rectifier 
load having a capacitive dc filter as a first setup and an inductive dc 

filter as the second setup. 

desirable when the load to be compensated already has a 
good power factor, as in this case, otherwise risk of wrong 
compensation can occur [11]. 

Active filters are widely used for certain undesired dis-
turbances, such as ripple switching, and in many applica-
tions, but mostly to eliminate the superior harmonics. In 
other applications active filters are more advantageous, 
due to their ability to control certain parameters by con-
trolling power converters with PWM techniques in differ-
ent ways, and by filtering of the superior harmonics up to 
the 40th order (in accordance with IEEE 519-1992 stan-
dard) [1], [9], [10]. 

B. The modeled system configuration  
The modeled system configuration is depicted in Fig. 2. 

It consists of a single-phase rectifier which feeds a resis-
tive load, having a capacitive dc filter as a first setup and 
an inductive dc filter as the second setup. The single-phase 
active filtering system is based on a single-phase Voltage 
Source IGBT inverter with dc-link capacitor and a com-
plete current control system that uses two different pulse-
width modulation (PWM) techniques. 

C. DC Voltage based PI Controller  
This theory is based on the dc capacitor voltage value 

feeding the voltage source IGBT inverter.  
Depending on the dc voltage, the controller estimates 

the ideal current. The used controller is a proportional 
integral (PI) controller. The parameter adjustment is cru-
cial in this theory because the controller response must be 
fast, allowing the active filter to also respond quickly to 
any change in the load [12]. 

The PI Controller is the most used in industry. It is used 
when: no need for a faster response of the system; high 
disturbances and electrical noise occur during operation; 
when system contains only one energy storage element 
(capacitor or inductor); there are delays of data transmis-
sion in the system [12], [14]. 

The PI controller’s (Fig. 3) output is given by (1) [12]: 

 p iK K dt� � �  (1) 

where � is the actual error measured when the actual sig-
nal is compared with the reference value.  

A PI controller can be easily modeled in 
MATLAB/Simulink using Laplace operators: 

 � �
s

sGC
S

S�
�

1  (2) 
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Fig. 3. The PI Controller.

 

(a) 

 

(b) 
Fig. 4. Generating PWM with a triangular carrier signal (a) scheme (b) 
waveforms of the triangular carrier and output of the PI controller (top) 

and IGBT gates output (bottom).

where: G = Kp (“proportional gain”), G/� = Ki (“integrative 
gain”) and � = system's time constant. 

Active filter's current can be controlled in many ways 
and the most effective method of generating the reference 
current for the active filter and the most adequate method 
for generating PWM signals must be chosen. 

Two current controllers are selected for comparison, 
namely triangular carrier waveform and hysteresis con-
troller respectively. 

 1) Triangular carrier waveform PWM converter 
switching control: compares the current error with a trian-
gular waveform of a fixed amplitude and frequency (car-
rier). The error is processed by a PI controller before it is 
compared with the triangular waveform [12], [13]. The 
output of the PI controller gives the duty cycles. After 
comparing the error with the triangular signal, PWM gate 
signals are generated (Fig. 4). They are used afterward to 
control the converter. 

1) Hysteresis PWM converter switching control: is used 
for switching power transistors when the current error 
exceeds a fixed value of the amplitude for the hysteresis  

 

(a) 

 

(b) 
Fig. 5. Generating PWM with a hysteresis controller: (a) scheme (b) 

waveforms of the current through inductor and voltage across inductor.

band. This uses only one comparator with hysteresis on 
each phase (Fig. 5) [14]. In this case the switching rate is 
not constant, but it can be estimated. Error values imposed 
by the hysteresis band control the converter output ripple 
current and frequency [14]. 

IV. SINGLE-PHASE ACTIVE FILTER SIMULATION 
The single-phase active filter operation was modeled in 

MATLAB/Simulink. The general scheme is depicted in 
Fig 6. It is built using blocks from the SimPowerSystem 
library and the current controller is partially implemented 
in C Level 2 S-Function.   

The system contains the nonlinear load with two differ-
ent configurations (an uncontrolled single-phase diode 
full-bridge rectifier that supplies a resistive load, having a 
capacitive dc filter as a first setup and an inductive dc fil-
ter as the second setup), an APF composed by a coupling 
inductance Lf, a 4 quadrant IGBT inverter with dc capaci-
tor as energy source and a low power RC switching ripple 
filter to suppress the high frequency harmonic components 
introduced by the inverter. The reference current of the 
active filter consist of a resonant sinusoidal signal integra-
tor (SSI) filter tuned at the fundamental frequency [15], 
which is 50 Hz in Romania. It is built using an equivalent 
transfer function block. In the continuous-time domain, 
the transfer function of a SSI is given by [15]: 

 
2

2( ) i
SSI p

k sH s k 2s �

 


� �
�

 (3) 

where kp is the proportional gain, set to unity, ki is the in-
tegral gain and � is the resonant angular frequency (set for 
the 50 Hz fundamental frequency).  

The SSI integral coefficient it's tuned in order to obtain 
a good compromise between grid THD current and tran-
sient response to load change. Three values are selected 
and the results are centralized and interpreted. 

In order to generalize the APF controller, the distorted 
regime compensation was simulated using two configura-
tions of the load, which consists of a single-phase rectifier  
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Fig. 6. Simulink model of the single-phase active power filter with capacitive filter on the dc side of the diode rectifier.

which feeds a resistive load, having a capacitive dc filter 
as a first setup and an inductive dc filter as the second 
setup (Fig. 2). The single-phase active filter is controlled 
in two different ways, one using triangular carrier wave 
and the other using hysteresis switching.  

Triangular carrier wave methods is set to a switching 
frequency of 20 kHz and the hysteresis one has a variable 
frequency around this value, set by adjusting the hystere-
sis band  (Fig. 5). The PWM converter of the active filter 
is H bridged (4 quadrant) to compensate the harmonics of 
positive and negative sequence. 

The reference fundamental current is detected by means 
of a resonant SSI filter implemented with a transfer func-
tion block (Fig. 7). The reference current for the APF is 
obtained by subtracting the detected fundamental current 
from the load current. 

To reduce the ripple in the grid current waveform intro-
duced by the transistor's switching, one designed a passive 
RC filter with the cutoff frequency of 5 kHz.  

This frequency was chosen considering the commuta-
tion frequency of 20 kHz for triangular carrier wave 
method and the frequency of the highest harmonic order  

 
Fig. 7. The Simulink model of the fundamental and APF reference 

current detection method.
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to be compensated.  The cutoff frequency was computed 
with (4): 

 
RC

fc "2
1

�  (4) 

A resistance of 1.44 	 and a capacitance of 22 �F were 
used to set the cutoff frequency. The Bode plot for the RC 
ripple filter response and opperation when is introduced in 
the circuit is represented in the Fig. 8. 

Te grid currents waveforms determined by the non-
linear loads in the absence of a compensation equipment 
are depicted in Fig 9 and the harmonic weights are cen-
tralized in Table I. As it can be observed, the most signifi-
cant is the 3rd harmonic (especially for capacitive filter), 
characteristic to single-phase systems (Fig. 11).  

As for the fundamental current reference detection, the 
ki integral coefficient of the SSI filter determines the be-
havior in transient states, but also the selectivity of the 
filter. The higher is ki set, the higher is the response time, 
but the lower is the selectivity, allowing harmonic compo-
nents with the fundamental current reference, also the 
higher is the phase delay, as it can be seen from the step 
and Bode plots in Fig. 12. The MATLAB step response 
tool returned a settling time of 0.39, 0.12 and 0.07 s corre-
sponding to ki coefficients of 10, 30 and 50. The simula-
tions results are centralized in Table 2. 

The triangular carrier PI controller has a lower band-
width, being better suited for sinusoidal reference current, 
it cannot track the fast current changes in the APF refer-
ence current (Fig. 13) [16]. It delivers unsatisfying per-
formances, none of the cases in which is used are satisfy-
ing the IEEE 519 limitations. The PI controller's bandwidth 
can be greatly improved by using P-SSI current controllers 
(Proportional-Sinusoidal Signal Integrator) [15]. 

TABLE I.  
TYPE SIZES FOR CAMERA-READY PAPERS 

THDI Harmonic order Capacitive load Inductive load 
3 69.3 25.66 
5 29.7 14.60 
7 7.6 9.54 
9 6.96 6.56 

11 3.42 4.58 
13 3.02 3.20 

TABLE II.  
SIMULATIONS RESULTS 

THDIref 
(%) 

THDI 
(%) Current 

controller Inductive 
load 

Capacitive 
load 

Inductive 
load 

Capacitive 
load 

� carrier, 
ki = 10 0.65 1.76 6.09 6.16 

� carrier, 
ki = 30 1.96 5.19 6.22 6.29 

� carrier, 
ki = 50 3.26 8.62 6.71 7.96 

hysteresis, 
ki = 10 0.65 1.76 1.1 2.3 

hysteresis, 
ki = 30 1.96 5.19 2.15 5.44 

hysteresis, 
ki = 50 3.26 8.62 3.43 8.86 

In contrary to the simple PI controller, the hysteresis 
one has a high bandwidth and tracks accurately the APF 
reference current. 

The fundamental reference current is slightly lagging 
behind the PCC voltage vector (Fig. 13). This lag is cor-
rected for the grid current by choosing the RC ripple filter 
capacitance larger (22 �F).  

The Simulink models of the current controllers, namely 
hysteresis and triangular carrier wave PI are depicted in 
Fig. 14. 
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(b) 

Fig. 8. Bode diagram (a) and operation (b) of the RC switching ripple 
filter. 
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(a) 

 
(b) 

Fig. 9. Non sinusoidal current generated by the full-bridge diode recti-
fier with the capacitive (a) and inductive load (b) and the fundamental 

reference current. 

 

(a) 

 

(b) 
Fig. 10. Current injected by the APF and the reference current:  (a) 

using trian-gular carrier wave PWM switching method; (b) using Hys-
teresis PWM switching method. 
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(b) 

Fig. 11. Harmonic spectra of the load current: (a) capacitive load (b) 
inductive load. 
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Fig. 12. SSI's response with different ki coefficients: (a) Bode plot; (b) 
step response. 
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(b) (a) 

Fig. 13. Scaled PCC Voltage,  the grid current Ig and the fundamental reference current Iref  for: (a) PI controller; (b) hysteresis controller. 

 
(a) 

 

 
(b) 

Fig. 14. Simulink model of the hysteresis PWM switching method (a) and the triangular carrier wave PWM switching method (b).
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The only problem is with the current ripple, being 
higher and not constant in frequency components (Fig. 
10). This leads to a higher rated RC ripple filter and possi-
ble noise emissions (acoustic and EMC). 

The current ripple is 3 A without RC ripple filter for the 
hysteresis controller and 0.32 A for triangular carrier PI. 
After the RC filter is installed, the ripple drops to 1.25 A 
and 0.05 A respectively.  

V. CONCLUSIONS 
A single-phase active power filter was modeled in 

MATLAB-Simulink, for compensating the harmonic cur-
rent injected by some common non-linear loads found in 
home appliances: a full bridge rectifier with capacitive and 
inductive filter. 

The single-phase active filter operates satisfactory, re-
ducing the THD in all simulated cases, to acceptable val-
ues, considering the high harmonic content introduced by 
the non-linear loads. Using a hysteresis controller provides 
better bandwidth, tracking accurately the APF current 
reference and providing the lowest THD for the grid cur-
rent, satisfying the IEEE 519 requirements. The simple PI 
controller fails to accomplish these requirements, proofing 
that it is better suited for tracking sinusoidal references, so 
changes must be made, as in better tuning or changing to 
P-SSI controllers. 

The reference current detection stage is tuned in order 
to obtain a good compromise between THD and response 
time, covering both situations (capacitive and inductive 
filter of the rectifier). 

The results can be useful in possible hardware imple-
mentations.  
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