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Abstract - This paper presents a comparative 
study of two controlling techniques using a 
direct control algorithm for a single phase shunt 
active power filter. This technique  proposes a 
Modified active power filter control  for 
compensation of current harmonics and the 
reactive power introduced into the grid by the 
nonlinear loads. The proposed Modified APF 
consists of a single-phase voltage source inverter 
with an energy storage capacitor at dc bus and 
is connected in shunt mode with load through a 
filtering inductor. A simple P-I controller is used 
to regulate an averaged dc bus voltage to derive 
the reference supply current peak value in phase 
with supply voltage. The simulation and 
experimental results have been presented with a 
comparison to determine which of the two 
techniques either Standard APF and a Modified 
APF performs well in terms of source current 
THD and reactive power compensation. 
 
Keywords -  Active power filters (APFs), Total 
Harmonic Distortion (THD), and Pulse Width 
Modulation (PWM). 
 

I. INTRODUCTION 
 
 All nonlinear loads such as temperature 
controllers, electric furnaces, light controllers, ac 
voltage regulators, UPS, electrical drives and many 
more devices need solid state power convertors to 
control and convert ac power. These non-linear 
loads generally draw reactive power and harmonic 
currents in addition to active power from ac mains. 
Reactive power and harmonic components of 
nonlinear load current results in poor power factor, 

partial utilization of distribution system, 
deteriorated life expectancy of other equipments 
and interference to communication network. 

 
Harmonics in power systems causes a 

serious drawback towards the wide use of power 
electronics devices. Conventionally, a passive 
power filter and capacitor were main tools to 
reduce the harmonics and increase the input power 
factor. But they have many drawbacks, such as 
their large size and fixed compensation 
characteristic etc. To solve the problem of 
harmonics several methods based on the technique 
of power electronics have been proposed. One of 
them is the active power filter. The configurations 
of active power filter developed include three-
phase and single-phase systems. The three-phase  
system  implemented by a three phase bridge 
inverter is suitable for severe unbalanced loads and 
require compensation for each phase separately. 
Considerable research has been made in the field of 
active power filters as well as new control 
techniques to overcome harmonics problem [1-14]. 

 
 Different control strategies may be used 

to regulate the current produced by the inverter 
having hysteresis along with sliding-mode controls, 
allowing direct current control at the cost of a time 
varying switching frequency, thus making the 
design of the output filter and the reduced noise 
level to be controlled much difficult. PWM control 
allows avoiding such problems on cost of limit in 
the time response of the current feedback loop and 
thus reducing the ability of the filter to compensate 
for fast current transitions. A comparative study of 
Standard APF and a Modified APF control 
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algorithm is proposed in this paper to improve 
compensation accuracy for distorted mains voltage. 
This paper investigates the performance of 
Standard APF and a Modified APF in terms of 
source current THD and reactive power 
compensation on a single-phase shunt active power 
filter. 
 

II. ACTIVE POWER FILTER 
 
Fig. 1 Shows the operation and working principle 
of Active Power Filter. Fig. 1 shows the 
fundamental block diagram of the proposed 
Modified Active Power Filter comprising of a 
standard single phase voltage source MOSFET 
based bridge inverter with dc bus capacitor and 
boost voltage for an effective current control. A 
PWM current control technique implementing 
hysteresis rule used here provides fast dynamic 
response. Linear loads of lagging and leading 
power-factors are considered for demonstrating 
reactive power compensation capability of the APF 
in response to step change. 

 
Fig: 1 Basic circuit of Active Power Filter. 

 
Fig. 2 shows Non-linear loads comprising diode 
rectifier with capacitive loading and inductive load 
in solid state ac regulator, are implied with APF 
system to illustrate its capability for harmonic and 
reactive power compensation in loads. The main 
application of the proposed Modified APF is in 
elimination of harmonics and to facilitate reactive 
power requirement of the load locally so that ac 
source feeds only fundamental sinusoidal active 
component of unity power factor current. As the 

Modified APF in the system is in shunt with load, 
which results in improved system efficiency which 
is because the active power delivered to the load is 
not processed.  

 
Fig: 2 Different types of loads. 

 
 

III. CONTROL SCHEME FOR 
STANDARD APF 

 
The generation of the Standard APF control pattern 
is illustrated in Fig. 4. It is based on two 
comparisons:  
 
(1) A comparison between a control signal ²  and a 
triangular high-frequency carrier and  
 
(2) A comparison between the opposite of the 
control signal (-² ) and the same carrier.  
  

Such signal, which varies slowly over time 
in each half-period interval, is generally delivered 
by a closed-loop PI controller that continuously 
adjusts the current iC at the input of the active filter 
to track a current reference is

* such that: 
 

ˆ sinL C S S Si i i i tω− = =   

Where Sω denotes the angular frequency of the 

mains. 
 
Principle of PWM: The reference current is

* 
obtained from the control algorithm is compared 
with sensed current is. From fig.3, the error signal 
is fed a controller having a limiter at its output. 
Consequently the controlling signals v and its 
opposite -v are compared with a triangular carrier 
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resulting in the switching signals to the gates (fig. 
3). 
 
 

 
Fig. 3 PWM principle of gating signal generation 

 
 
 

 
Fig: 4 PWM gating signal generation using the 

SAPF control technique. 
 

IV. CONTROL SCHEME FOR 
MODIFIED APF 

 
Fig. 5 shows the block diagram of a 

control scheme for the modified APF system. DC 
bus voltage and supply voltage and current are 
sensed from the system to control the APF. AC 
source supplies fundamental active power 
component of load current and a fundamental 
component of a current to maintain average dc bus 
voltage to a constant value. The later component of 
source current is to supply losses in VSI such as 
capacitor leakage current, switching loss etc. in 
steady state and to recover stored energy on the dc 
bus capacitor during dynamic conditions such as 
addition or removal of the loads. The sensed dc bus 
voltage of the APF along with its reference value 

are given to the P-I controller. The output of the P-I 
controller is taken as peak of source current. A unit 
vector in phase with the source voltage is generated 
using its sensed value. The peak source current is 
multiplied with the unit vector to generate a 
reference sinusoidal unity power factor source 
current. The reference source current and sensed 
source current are processed in hysteresis carrier 
less PWM current controller to derive gating 
signals for the MOSFETs of the APF. In response 
to these gating signals, the APF impresses a PWM 
voltage to flow a current through filter inductor to 
meet the harmonic and reactive components of the 
load current. Since all the quantities such as dc bus 
voltage etc. are symmetric and periodic 
corresponding to the half cycle of the ac source. A 
corrective action is taken in each half cycle of the 
ac source resulting in fast dynamic response of the 
APF. 

 
Fig: 5 Basic circuit of active power filter 

 
V. HARMONIC ANALYSIS AND 

MODEL EQUATIONS 
 
The proposed Modified APF system is comprised 
of a voltage controller, a current controller, a 
voltage source inverter bridge with dc bus, a non-
linear load with input impedance and a filter 
inductance at the input of the APF. All parts are 
modelled separately and then joined together in 
order to simulate the APF system. 
 
(i) Voltage and P-I controller: 
 
The resultant voltage error 

e (t) = Vdcref - Vdc       (1) 
Ism

* = e(t) . KP + Ki/Ti . ƒe(t) dt   (2) 
where, Kp and Ki are the proportionality and 
integral gain constants of the P-I controller. 
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(ii) Reference current generation: 
 

Is
* = u(t) . Ism

*  (3) 
 

Where, u(t) is the unit vector for input voltage Vin. 
 
(iii) Current Controller: 
 
If (Ic > Ic

* + hb) S1 and S2 on, S3 and S4 off. 
If (Ic > Ic

* - hb) S1 and S2 off, S3 and S4 on. 
S1, S2, S3, S4 are the switching devices of the APF 
and hb is the hysteresis bandwidth in ampere. 

Vs (rms) = 325V, f = 50Hz, Rc = 0.01 
ohm, Lc= 10.12 mH, Cc = 8000 µF, Kp = 1, Ki = 1. 
 
 

VI. RESULTS 
 
Results from the Modified APF system are 
demonstrated through Fig 6 – Fig 8. 
Fig. 6(a) shows the waveforms of input current (is) 
without active power filter for an AC to DC 
rectifier load. Fig. 6(b) Supply current is 10A with 
a huge THD with different frequency spectrums 
specially having 3rd, 5th… odd harmonics. 
 

  
(a) 

 
 (b) 

Fig: 6 Without APF (a) Input current (b) THD 
analysis 

 

From fig. 7(a) and Fig. 7(b) it may observed that 
harmonics are eliminated from the supply current. 
Therefore, APF is quite effective to reduce the 
THD of supply current well below the permitted 
value of 5 % by IEEE-519 standard. 
 

 
(a) 

 
(b) 

Fig: 7 With Modified APF (a) Input current (b) 
THD analysis 

 

 
(a) 

 
(b) 

Fig: 8 With Series-Parallel resonant Converter (a) 
DC Load Voltage (b) DC Load Current 

 
Fig 8 (a) and (b) shows the output DC voltage and 
current for load resistance 100 ohm. Fig 7 shows 
the performance of Series Parallel resonant 
converter. The THD of supply current is not much 
affected by dc bus capacitor values.  
 
From these results it may be concluded that for the 
proper selection of ratings of dc bus capacitor, 
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controller parameters and device specifications, the 
proposed modelling is essential at design stage of 
the Modified APF system. 
 

VII. CONCLUSION 
 
The proper selection of dc bus capacitor, controller 
parameters and device specifications, at design 
stage of the MAPF system can be used quite 
effectively to reduce the THD of supply current 
well below the permitted value of 5% (IEEE 
standard). And is much easier way to provide 
reactive power and harmonics compensation both 
for linear as well as non-linear single-phase loads 
in comparison to SPWM. The MAPF is easier and 
less complex than SAPF to control THD less than 
5%. The MAPF eliminates frequency harmonic 
components effectively and is able to compensate 
the reactive power required by the ac-to-dc 
converter. Hysteresis current controller is used to 
obtain the gate signals for switching devices of 
APF. 
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