
 

Abstract—In utility distribution systems, the abundance of 
nonlinear electronic loads has resulted in the deterioration of 
power quality. Active Power Filters (APF) can provide reliable 
reactive and harmonic power compensation. Active power 
filters are employed in the developed countries in many 
industrial sectors such as distributions and plants. In this work, 
the MATLAB-Simulink program was used as tool for design 
and development of the APF.The chosen APF topology is the 
Shunt APF. The Direct Testing and Calculating Method 
(DTCM) have been chosen as the specific current reference 
generation technique. This is due to its simplicity and low 
related cost. As for the main controller block, the current 
control technique chosen, is the Sliding Mode control. Its 
advantages are the robustness to system parameters variation. 
The inherent advantages of multilevel inverter topology have 
added to the performance of the active power filter. Results 
obtained from simulation have shown significant THD 
improvement whereby a nonlinear load of 82% THD has been 
decreased to 24% THD using the proposed active power filter. 

I. INTRODUCTION 

HE nonlinear electronic loads generate harmonic,
reactive and negative sequence currents which lead to 

low power factor, low efficiency and harmful 
electromagnetic interference to the distribution systems. 

The invention of the Active Power Filter has given new 
insights into the effective ways of providing reactive and 
harmonic power compensation. Passive filters are known to 
be effective towards low harmonics order and can provide 
more reactive compensation. They are also more suitable for 
higher power systems. In this view, the active filters are not 
only providing better compensation stability but they are 
also more effective on the higher spectrum.  

II. OBJECTIVE AND SCOPE OF STUDY

The objectives of the project are detailed in the following. 

(1) To design and develop a Power Electronics Topology 
of Active Power Filtering (APF) which can improve the 
Total Harmonic Distortion (THD) and Reactive Power 
Compensation in a distorted supply network. 

(2) To improve the transient dynamics and also further 

improvement of the THD with the integration of NPC 
(Neutral Point Clamped) Multilevel Inverter. 

The scope of project includes: 
(1)  Simulation with Matlab-Simulink on the operation 

and performance of an APF with multilevel inverter. 

(2)  Analysis of several predefined tests and 
measurements included in the simulation to evaluate the 
performance of the APF topology. 

III. PROJECT REVIEW

Active Power Filter Topologies can be grouped into 
shunt, series, and hybrid topologies. The shunt APF was the 
earliest successful topology. The shunt APF is connected in 
parallel with the nonlinear loads. It functions as current 
source to cancel the current harmonic and reactive 
components generated by the load, so that the resulting total 
current drawn from the ac main is sinusoidal. 

A series active filter is connected in series with the utility 
through a matching transformer, so that it is suitable for 
harmonic compensation of a voltage harmonic source such 
as a large-capacity diode rectifier with a DC link capacitor. 

The active shunt filter topology has been chosen due to its 
simplicity.. 

IV. PROPOSED APF TOPOLOGY

The chosen topology of the APF is the shunt APF. 

As for the current reference generation, a fairly simple 
technique has been chosen considering that the application is 
single phase and for practical reasons (simpler to realize in 
hardware). The current reference technique chosen is the 
DTCM technique.  

The current control chosen is the sliding mode control 
(SMC). This is due to ease of implementation of the theory 
into the simulation and later on easier to implement in 
electronics hardware.  

The chosen type for the multilevel inverter is the neutral 
point clamped five-level inverter type. This variant as 
proposed by its authors has a small number of power 

A Simple Active Power Filter With 5-Level 
NPC Inverter 

Mahadzir Abdul Ghani #1 
#1 Electrical Electronic Department, Universiti Kuala Lumpur, 

Malaysia France Institute, Bangi, Selangor, Malaysia 
1 mahadzir@mfi.unikl.edu.my 

T

2014 4th International Conference on Engineering Technology and Technopreneuship (ICE2T)

2014 4th International Conference on Engineering Technology and Technopreneuship (ICE2T)330



 

 

switches (six) but capable to generate five output voltage 
levels. A typical type of the NPC inverter would require 8 
power switches.  

 

The general configuration of the proposed topology is 
depicted in Figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 
The DTCM controller monitors the capacitors voltages 

V1 and V2 with the voltage set point Vs. The resulting ‘k’ or 
gain to be applied is then fed to the sliding mode controller 
(SMC). The SMC controller will monitor the voltage-
balancing problem of the 2 capacitors, also through V1 and 
V2. Both errors (‘k’ and voltage balancing error) are 
summed up and is applied with a suitable gain. The resulting 
amplitude, synchronized in phase with the source voltage, 
becomes the reference current for the SMC controller, which 
will be compared with the actual source current (IS). This 
error is fed through the pulses generation block, which will 
control the transistors according to which region the source 
voltage (Vs) is in. All pulses are sent to the Neutral Point 
Clamped Inverter which will shape the source current 
through the boost inductor. In parallel, the shunt passive 
filters compensate the harmonics. 

V. FUNCTIONAL BLOCKS DESCRIPTION – THE DTCM LOOP  

 
The design of the DTCM loop consists of a PI controller, 

subtractors / summations and PLL synchronization. This is 
depicted in Figure 2. 

 

 
Figure 2, Reproduced From [1] 

 
The outer voltage loop dictates the magnitude of the line 

current (call it ‘k’) through a proportional-integral (PI) 
control law which regulates the capacitor voltage. If ‘k’ is 
too large (or small), power flow dictates that the average 
capacitor voltage must increase (or decrease) as the 
capacitor absorbs (or delivers) the excess (or deficit) power 
delivered by the source. [1] 

 
The capacitor voltage, Vdc, is compared to the nominal 

capacitor voltage setpoint, with the difference driving a PI 
controller. The output of the PI controller is the 

proportionality factor, ‘k’, used to derive the reference for 
the line current. The reference waveform for the line current, 
ISis obtained through multiplication of ‘k’ with the 
synchronization to the source voltage. [1] 

 

VI. FUNCTIONAL BLOCKS DESCRIPTION - THE SLIDING 

MODE CONTROLLER 

The starting point with sliding-mode control is the 
definition of the sliding surface.  For the active filter 
application, we are interested in forcing the source current, 
IS* to be the same shape as, and in phase with, the source 
voltage, Vs . 

 
 
 
 
 
 
 
 
 
 

Figure 3: Sliding Mode Functional Diagram 
In this case, we can write: 
IS*=k Vs*, where k is a scaling factor based on the real 

power demand of the loads. Written in standard form for the 
sliding surface ‘s’, we have: s = IS*-k Vs *= 0. This is when 
the line current is on the sliding surface. 

 
To assure that the system can be maintained on the sliding 

surface, it must be shown that there is a natural control, 
which satisfies the condition hereby: s s* 0. 

 
The equation above can be satisfied by assuming a 

suitable control input ‘u’ as expressed by the following 
relationships: 
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where u+ and u- are certain continuous functions that 

must be selected by the control system. If the control input 
continually switches between u+ and u- , complying with the 
equation above, the system operates in sliding mode, that is, 
the motion of the state errors follows the switching surface 
s= IS*-k Vs *= 0  [6]. 

 
Since the sliding surface and switching does not depend 

on system operating point, load, circuit parameters, or power 
supply, the converter dynamics, is robust. This is one of 
main advantages of choosing the Sliding Mode Control as 
the current controller. 

VII. FUNCTIONAL BLOCKS DESCRIPTION - THE DESIGN OF 

CONTROLLER 

The controller uses the sliding-mode control law to shape 
the line current. This is done with regard to the region of the 
source voltage, as depicted in Figure 4. 

 
Figure 4 shows how the neutral point clamped 5-level 
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inverter is controlled in using the sliding mode controller. 
The features of proposed 5-level PWM modulation scheme 
of the neutral point clamped inverter are: (i) drawing a clean 
sinusoidal line current with unity power factor, (ii) 
maintaining constant dc-link voltage, and (iii) keeping 
balanced neutral point voltage. 

 
To generate a five-level voltage waveform on the ac side 

of the inverter, two operation regions of mains voltage 
during one cycle of the input line frequency are defined and 
shown inFigure 4. 

 
 
 
 
 
 
 
 
 
 
. 
 
 
 
 
 

Figure 4: Five Level Sliding Mode Control Scheme 
(Reproduced From [2]) 

 
In the positive half cycle of mains voltage, power 

switch T’b1 is turned on. Power devices T’a1and T’a2(or Ta2) 
are turned on to generate voltage vab = 0 (or vdc/2)  in the 
first region. On the other way power devices Ta2and Ta1 (or 
T’a1) are turned on to achieve voltagevab = vdc(or vdc/2) in 
the second operation region. Three voltage levels vdc, vdc/2, 
and 0 are generated on the voltage Vab in the positive mains 
voltage.  

 
For the negative mains voltage, power switch Tb1 is turned 

on. Operation mode 4 and mode 5 are employed to obtain 
voltage vab = 0 and– vdc/2 in the first region. In the second 
region, mode 5 and mode 6 are adopted to achieve voltage 
levels  –vdc/2 and – vdcon the ac side of the inverter. 
 

Figure 5 shows the control blocks of the adopted inverter. 
A proportional-integral (PI) voltage controller is employed 
in the outer loop control to maintain the constant dc-link 
voltage for balancing the real power between the mains and 
the dc load.  
 
 
 
 
 
 
 
 
 
 
 

Figure 5, reproduced from [2] 

 
Once the mains voltage or dc load changed, the real 

power between the load and mains is to be sustained. The 
real power of mains is changed by adjusting the line current 
command to compensate the real power charged or 
discharged by the dc capacitor and to match the real power 
variation of the load. 
 

The line current command is derived from the output of 
voltage controller and the phase-locked loop circuit. The 
phase-locked loop circuit generates a unit sinusoidal wave in 
phase with mains voltage.  

 

To balance neutral point voltage, the voltage gap 21 vv −  

is added to the line current command. The sensed line 
current is compared with the line current command IS*. An 
inner current loop control based on sliding mode current 
controller is used to track line current command. In the 
proposed control scheme, three control signals d1,d2 and d3 
are employed to generate 5-level voltage waveform on the ac 
side of the adopted inverter. These three control signals are 
described below. 
 

Signal d1 is used to represent positive (d1= 0) or negative 
(d1=1) mains voltage. Two operation regions are defined to 
generate properly three voltage levels on the voltage vab. 
 

In the first region –Vdc/2 < Vs<Vdc/2 (d2=0),Vab 
=Vdc/2  (mode 2) and 0 (mode 4) are employed to achieve 
negative voltage across the boost inductor in the positive and 
negative mains voltage respectively. In this mode, the line 
current is decreasing. Voltage Vab = 0 (mode 3) is used to 
increase the current ISin the positive mains voltage.  

 
In the second regionVdc>Vs>Vdc/2 or –Vdc<Vs<Vdc/2  

(d2= 1), ac side voltageVab =Vdc (mode 1) and –Vdc/2  
(mode 5) are adopted to decrease the line current ISin the 
positive and negative mains voltage, respectively. The 
current is increasing if the voltageVab =Vdc/2(or–Vdc) in 
the positive (or negative) half cycle of mains voltage in the 
second region. To control the actual mains current 
ISfollowing the command current IS*  fromsliding mode 
current controller, the signal d3 is employed to achieve this 
goal.  

 
Based on the proposed control scheme, the adopted 

inverter can draw a clean sinusoidal line current with nearly 
unity power factor. The voltage unbalance problem on the 
neutral point is also improved by using the neutral point 
voltage compensator. 

 
According to three control signals, the equivalent 

switching devices are turned on. For example if the 
(d1,d2,d3) = (0, 1, 1), i.e. positive mains voltage, second 
operation region and switching function S < -h, then 
voltageVab = Vdcis generated to decrease the mains current. 
Power switchesTa1, Ta2and T’b1 are turned on. Similarly 
switching functions can be derived. If capacitor voltages V1 
and V2 are equal, then there are five voltage levels 
(Vdc,Vdc/2,0, -Vdc/2,-Vdc) onVab.The transistors 
switching are compliments, the transistors 
Ta1/Ta2/Ta3operation are compliments to T’a1/T’a2/T’a3 . 
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Figure 6: Proposed 5-level Modulation Scheme, reproduced 

from [2] 
 
The whole operation of combination of the 6 transistors can 
be summarized in the following Figure 7: 
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Figure 7 

VIII. SIMULATION RESULTS ANALYSIS 

The simulation has been developed with the Matlab 
software. The initial problem statement is that of a utility 
system having high non-linear loads characteristics.  

The circuit configuration of the nonlinear load is 
given in 

 

Figure 8(a), and through Matlab-Simulink 
simulation produces load current as shown in  

 

Figure 8(b).  
 
 
 
 
 
 
 
 
                        (a)                                        (b) 

 

 

Figure 8 

The circuit demonstrates a highly non-linear load drawing 
highly distorted current with 82.8% total harmonic distortion 
(THD). With such THD, the utility supply shall have to 

supply at least 82.8% more power than the rated power of 
the load. 
 

With the Active Power Filter, simulation has shown 
tremendous improvement of THD. The statistics has been 
reduced to 25.4% from 82.9% of the nonlinear load. 
 

 
Figure 9 

 
However, new harmonics multiples at 9th, 11th, 19th, 

20th, etc are observed. These new harmonic multiples are 
however very low in amplitude (less than 10% of 
fundamental each). This effect has been identified as 
chattering. It is in fact due to the variable switching 
frequency of the sliding mode controller. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10 
Figure 10 outlines the key performances of the entire 

simulation system. Several important observations are as 
follows. Firstly, the Active Power Filter is able to 
synchronize source current to the source voltage, thus the 
entire system is able to work in unity power factor. 
Secondly, as we have Is = Ish + Iload, we are able to observe 
the effectiveness of the shaping current. It acts on certain 
regions of the load current to smoothen the wave shape of 
source current into that of a sinusoidal waveform. Thirdly, 
the APF output, or the AC side of the inverter is able to 
produce the five level near sinusoidal waveform. This APF 
output has contributed to the mitigation of the harmonics in 
the source current. 
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Figure 11 
 

Figure 11 dictates the performance shown by the control 
system in the regulation of the outer loop voltage levels. The 
regulation of the DC bus voltage is critical to the system 
performance because theoretically the performance would be 
better if the DC bus voltage is constant. There are more 
challenge to the DTCM + SMC controller as the NPC 
inverter can have the voltage unbalance of the 2 capacitors 
(C1 and C2). V1 is the voltage for capacitor C1 and V2 is 
the voltage for capacitor C2. 
 

In the simulation, the voltage set point is set to 200V. V1 
and V2 must be controlled such that V1 + V2 must not be 
less than 340V, which is the DC peak of the utility supply. 
From V1 + V2 waveform it can be observed that the DC bus 
variation is well kept within its limits. 
 

IX. CONCLUSION 

 
From the results presented, it can be concluded that the 

objective to design and develop a power electronics 
topology of active power filtering (APF) which can improve 
the Total Harmonic Distortion (THD) and Reactive Power 
Compensation has been achieved.  
 

The designed active power filter topology with DTCM + 
SMC Controller is able to provide effective harmonics 
mitigation. The developed APF topology has been able to 
obtain 25.4% THD in the simulation. This can be considered 
a significant achievement considering the initial THD of 
82%. 

 
The inverter employed for the Hybrid APF is the Neutral 

Point Clamped Multilevel Inverter. The NPC Inverter’s main 
advantage is the lower voltage stress to the power switches. 
As outlined, the NPC Inverter’s role is to control the ripple 
content in the DC bus capacitors voltages to a safe value for 
the DC bus regulation. Referring to simulation results, the 
ripple has been limited to a value below 50V. This has 
enable safe operation of the APF which requires the DC bus 
voltage to be more than 340V. This requirement comes from 
the fact that the DC bus voltage which is regulated at 400V 
must not go below 340V, which will affect the waveform 
shaping process for the harmonics mitigation. 
 

The development of APF topology has also been 
successful with the implementation of the Direct Testing and 
Calculating Method (DTCM) and the Sliding Mode Control 
(SMC) control topology. Both methods are easy to 
implement.. The DTCM control technique is able to provide 
the reference current information effectively, as proven in 
the simulation of the outer voltage loop in Figure 11. 
Meanwhile the sliding mode control is able to control 
effectively the switching sequence of the NPC Multilevel 
inverter to provide better compensating current waveform 
shaping as shown from simulations in  Figure 10 and Figure 
11. 
 

The sliding mode controller presents some chattering 
effects which can be described as addition of harmonics 
multiples in small amplitude, spanning towards high 
frequency. However the measured chattering effects in THD 
is minimal. A solution for this has been proposed in [7].  
 

In brief, the proposed APF topology is a suitable choice 
for power filtering. However, there are still room for 
improvement especially in the area of capacitors voltage 
balancing and for a more flexible control design which 
would yield better performance. 
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