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Abstract: This paper presents three-level (NPC) shunt active power filter the 
performances based on fuzzy control techniques to compensate harmonic currents 
generated by non-linear loads operating under non ideal voltage conditions. Shunt APF 
is the best solution to eliminate harmonics drawn from nonlinear load especially for low 
power system, the most inverter used is the two-level voltage source inverter. Multilevel 
inverters are being investigated and recently used for APF topologies. Today Three-
level inverter is one of the most used converters in the majority of industrial 
applications, such as machine drives and power active filters. The control strategy used 
is based on the synchronous reference frame detection method that gives a good 
performance particularly if the source voltage is unbalanced or distorted. The new 
control scheme proposed in this work is based on fuzzy techniques and it is designed to 
improve APF compensation capability by adjusting the current error based on fuzzy 
rule. To improve the output three-level voltage inverter and avoid an unbalanced AC 
voltage waveform a neutral-point potential voltage compensator based on proportional 
controller is used with a proportional integral controller required to maintain dc voltage 
constant. The results of simulation study obtained using Matlab-Simulink and 
SimPowerSystem Toolbox are found quite satisfactory to eliminate harmonics and 
reactive power components from utility current. 

 
Keywords: Shunt active filter, Three-level (NPC) inverter, Fuzzy logic current 
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1. Introduction 
 A large part of total electrical energy, produced in the world, supplies different types of 
non-linear loads. The loads such as variable frequency drives and electronic ballasts draw 
current, which does not resemble the grid sinusoidal voltage. This load is said to be non-linear 
and typically is composed of odd order currents, which are expressed as multiples of the 
fundamental frequency. The harmonic current cannot contribute to active power and need to be 
eliminated to enhance the power quality [1]. Active Power Filter (APF) is the popular solution 
used to eliminate the undesired current components by injection of compensation currents in 
opposition to them [2],[3]. The most power converter used in APF is the two-level voltage 
source inverter [4],[5], these inverter are limited for low power applications. The three-level 
neutral-point diode-clamped (NPC) active power filter has been playing an important role for 
medium and high power applications [6]. It provides less voltage stress for semiconductor 
switches, increases the power handling capability, reduces current/voltage harmonics and 
interference. 
 The controller is the main part of the active power filter operation and has been a subject of 
many researches in recent years [7],[8]; Among the various current control techniques, 
hysteresis current control is the most extensively used technique. It is easy to realize with high  
accuracy and fast response. In the hysteresis control technique the error function is centred in a  
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preset hysteresis band. When the error exceeds the upper or lower hysteresis limit the 
hysteretic controller makes an appropriate switching decision to control the error within the 
preset band. However, variable switching frequency and high ripple content are the main 
disadvantages of hysteresis current control. To improve the APF performances there’s a great 
tendency to use intelligent control techniques, particularly fuzzy logic controllers. In recent 
years, fuzzy logic controllers have generated a great deal of interest in power electronics 
applications. These advantages are: robustness, no need accurate mathematical model, etc... 
In this paper, fuzzy logic current controller is proposed to control three-phase shunt active filter 
based on three-level neutral point clamped (NPC) inverter. The fuzzy current controller is 
designed to improve compensation capability of APF by adjusting the current error using a 
fuzzy rule. The inverter current reference signals required to compensate harmonic currents use 
the synchronous reference detection method that gives good performance under non ideal 
voltage conditions. The performances of global system including control circuit and power 
structure are performed and evaluated through computer simulations for steady-state conditions 
using Matlab-simulink program and SimPowerSystem Toolbox. 
 
2. Shunt active power filter 
 The circuit configuration of the three-level shunt active filter is shown in Figure 1. It is 
controlled to cancel current harmonics on AC side and makes the source current in phase with 
the voltage source. The current drawn from the power system at the coupling point of the shunt 
APF will result sinusoidal [9],[10] and [11].  

 
Figure 1. Three-level (NPC) Shunt active filter 

 
 Three-level inverter is one of the most popular converters employed in medium and high 
power applications. Their advantages include the capability to reduce the harmonic content and 
decrease the voltage or current ratings of the semiconductors [12],[13]. The power circuit of 
the three-level neutral point clamped inverter is based on six main switches (T11, T21, T31, 
T14, T24, T34) of the traditional two-level inverter, with six auxiliary switches (T12, T13, 
T22, T23, T32, T33) and two neutral clamped diodes added on each bridge arm. The diodes are 
used to create the connection with the point of reference to obtain midpoint voltages. This 
structure allows the switches to endure larger dc voltage input on the premise that the switches 
will not raise the level of their withstand voltage. For this structure, three output voltage levels 
can be obtained, namely, Udc/2, 0, and -Udc/2 corresponding to three switching states A, 0, 
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and B. As a result, 27 states of switching output exist in the three-phase three-level (NPC) 
inverter.  
 
3. Control strategies   
 The control strategy adopted in this work is the synchronous reference frame detection 
method. The principle of this technique is described below [14],[15]. The three phase load 
currents iLa, iLb and iLc are transformed from three phase (abc) reference frame to two 
phase’s (α-β) stationary reference frame currents iα and iβ using: 
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 Using a PLL (Phase Locked Loop), we can generate cos(θest) and sin(θest) from the phase 
voltage source vsa, vsb, vsc. The currents expression iα and iβ in (d-q) reference frame are 
given by: 
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 The DC quantities and all other harmonics are transformed to non DC quantities using a 
low pass filter: 
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The expression of the reference current iα-ref and iβ-ref are given by: 
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Finally, the reference currents in the (abc) frame are given by: 
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  The principle scheme of synchronous reference frame control strategy for shunt active filter 
based on the three-level (NPC) inverter is shown in Figure 2. 
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Figure 2. Synchronous reference frame control strategies 

 
4. Neutral point unbalances control 
 To compensate the inverter losses and regulate the DC link voltage Udc, a proportional 
integral voltage controller is used in outer loop to determine the line current Ic,los. The control 
loop consists of the comparison of the measured voltage (Udc1 + Udc2) with the reference 
voltage Udc-ref [16],|[17]: 
   ∫ Δ+Δ= dtUKUKI dcidcplosc ..,                                                      (7) 

 Neutral-point potential unbalance is a problem of NPC multilevel inverter, the 
compensation is required to avoid an unbalanced AC voltage waveform on the AC terminals.  
To compensate the neutral-point voltage a proportional controller is adopted in the inner 
control loop. If the average voltage across capacitor C1 is greater than the average voltage 
across capacitor C2, a small negative DC term current is added to the line current so that in the 
next source period the charged voltage in capacitor C1 is less than the charged voltage in 
capacitor C2. If the average voltage Udc1 is less than Udc2, a small positive DC current can be 
added to the line current in order to increase the capacitor voltage Udc1 in the next source 
period. Therefore, the additional compensated current for the neutral-point voltage balance is 
given as: 
   KUULPFi dcdcnpc ).( 12 −=                                                 (8) 
 
 K is a small gain of the neutral-point voltage compensator. Figure 3 shows a control 
scheme of the neutral point potential compensator.  

 
Figure 3. Neutral point potential compensator 

 

Chennai Salim, et al.

345



 

5. Fuzzy logic control 
 The main component of an active filter is the current controller. Recently, fuzzy logic 
controllers (FLCs) have been interest a good alternative in more application. The advantages of 
fuzzy controllers are more robust than conventional controllers, not need a mathematical model 
and can handle non-linearity [18],[19], and [20]. Fuzzy logic control is the evaluation of a set 
of simple linguistic rules to determine the control action. The desired inverter switching signals 
of the shunt active filter are determined according the error between the compensate currents 
and reference currents. A fuzzy controller is designed to improve compensation capability of 
APF by adjusting the current error using a fuzzy rule. In this case, the fuzzy logic current 
controller has two inputs, named error e and change of error de and one output s. To convert it 
into linguistic variable, we use three fuzzy sets: N (Negative), ZE (Zero) and P (Positive). 
Membership functions used for the inputs and the single output are shown is shown in Figure 
4.    
The parameter for the fuzzy logic current controller for every phase is characterized for the 
following: 
 
The fuzzy controller for every phase is characterized for the following: 
• Three fuzzy sets “e” and “de” inputs, 
• Five  fuzzy sets for “s” output, 
• Gaussian membership functions for inputs, 
• Triangular and trapezoidal membership functions for output, 
• Implication using the “min” operator, 
• Mamdani fuzzy inference mechanism based on fuzzy implication, 
• Defuzzification using the “centroid” method. 

 

 
 

 

 
Figure 4. Membership function for the inputs and output variables 
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The fuzzy rules are given by:   
• If error is Negative and error rate is Negative, Then output is Big Negative, 
• If error is Zero and error rate is Negative, Then output is Positive, 
• If error is Positive and error rate is Negative, Then output is Big Positive, 
• If error is Negative and error rate is Zero, Then output in Big Negative, 
• If error is Zero and error rate is Zero, Then output is Zero, 
• If error is Positive and error rate is Zero, Then output is Big Positive, 
• If error is Negative and error rate is Positive ,Then output is Big Negative, 
• If error is Zero and error rate is Positive, Then output is Negative, 
• If error is Positive and error rate is Positive, Then output is Big Positive. 

 
 Errors for each phase are discredited by the zero order hold blocks. The error rate is 
derivative of the error and it is obtained by the use of unit delay block. The saturation block 
imposes upper and lower bounds on a signal. When the input signal is within the range 
specified by the lower limit and upper limit parameters, the input signal passes through 
unchanged. When the input signal is outside these bounds, he signal is clipped to the upper or 
lower bound. The output of the saturation blocks are inputs to fuzzy logic controllers. The 
outputs of these fuzzy logic controllers are used in generation of pulses switching signals of the 
three-level inverter. The switching signals are generated by means of comparing a two carrier 
signals with the output of the fuzzy logic controllers.       
The simulink model of the generated switching signals is given by Figure 5.  

 
Figure 5. Switching signals generation for the three-level inverter 
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 The fuzzy logic controller for three-level (NPC) inverter proposed to replace conventional 
hysteresis controller is shown in Figure 6. The difference between the injected current and the 
reference current determines the reference voltage (e), and change of error (de), these inputs 
are injected in fuzzy controller, the fuzzy output is compared with two carrying triangular 
identical waves shifted one from other by a half period of chopping and generate switching 
pulses. The control of inverter is summarized in the two following stages: 
Determination of the intermediate signals Vi1 and Vi2: 

• If error Ec ≥ carrying 1 Then Vi1= 1 
• If error Ec < carrying 1 Then Vi1= 0 
• If error Ec ≥ carrying 2 Then Vi2=0 
• If error Ec< carrying 2 Then Vi2=-1 

 
 Where Vi1 and Vi2 are intermediate voltage, Ec is the difference between injected and 
reference currents. 
Determination of control signals of the switches Tij and Vi2 (i=1,2,3 ; j=1,2,3,4): 

• If (Vi1+Vi2)=1 Then Ti1=1, Ti2=1, Ti3=0, Ti4=0, 
• If (Vi1+Vi2)=0 Then Ti1=0, Ti2=1, Ti3=1, Ti4=0, 
• If (Vi1+Vi2)=-1 Then Ti1=0, Ti2=0, Ti3=1, Ti4=1. 

 

 
Figure 6. Three-level (NPC) inverter PWM logic control 

 
6. Simulation results and discussion 
 Figure 7 shows the Matlab-Simulink simulation block diagram of the proposed fuzzy 
current controller for the three-phase shunt active filter under non-ideal voltage conditions. The 
parameters of the proposed shunt active filter are: Vs=220V, Frequency Fs=50Hz, Resistor 
Rs=0.1mΩ, Inductance Ls=0.0002mH, Resistor Rch =48.6Ω, Inductance Lch=40mH, Resistor 
Rc=0.27m Ω, Inductance Lc=0.8mH, Lf=3mH, C1=C2=300uF, Vs=220V/50Hz, Udc-
ref=800V. 
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Figure 7. Three-level (NPC) shunt active power filter based on fuzzy controller 

 
 The purpose of the simulation is to show the effectiveness of the shunt active filter using a 
fuzzy current controller to reducing the harmonic currents produced on the load side under 
non-ideal voltages conditions.  
 
A. Ideal main voltage case 
 The three-phase voltages source are balanced and do not contain harmonic components, 
Figure 8(a), Figure 8(b) and Figure8(c) shows the simulated results of supply voltage, source 
current before and after compensation using proposed shunt APF system.  
 

 
(a)Balanced supply voltage Vs-abc (V) 
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(b) Source current isa(A) before compensation 

 

 
(c) Figure 9. Injected current iha(A) 

 

 
(d) Source current isa(A) after compensation 

 
Figure 8. Source voltage Vsa(V), injected current iha(A) and source current isa(A) 

before and after compensation 
  
 Before the shunt APF operation between t1=0 s and t2=0.05 s, the source current is highly 
distorted and rich on harmonics. It is not in phase with the source voltage, the power factor is 
poor with high consummation of reactive power. The shunt APF starts the compensation 
process instantly (t2=0.05 s) when it is connected to the non-linear load. The source current 
after compensation is practically sinusoidal and in phase with the corresponding source voltage 
shown by Figure (9).  
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Figure 9. Source current isa(A) and source voltage Vsa(V) before and after compensation 
  
 Figure 10, present the output DC voltages Udc, and Udc1, Udc2, it is shown that the two 
capacitor voltages are balanced and fellow the similar trace, with small voltage ripples. In this 
case, the THDi is reduced from 28.16% to 1.84% after compensation. 
 

 
Figure 10. DC output voltages Udc, Udc1 and Udc2 

 
B. Unbalanced mains voltage 
 The three-phase voltages sources are unbalanced, but do not contain harmonic components, 
their expressions are given in (9):   
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 Figure 11 (a), Figure 11 (b) and Figure 11(c) shows respectively the unbalanced voltage 
source, source current before and after compensation. The current and voltage source is given 
by Figure 12; finally the dc voltages Udc, Udc1 and Udc2 are shown by Figure 13.     
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(a) Unbalanced supply voltage Vs-abc (V) 

 

 
(b) Source current isa(A) before compensation 

 

 
(c) Injected current iha(A) 
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(d) Source current isa(A) before and after compensation 

Figure 11. Source voltage Vsa(V), injected current iha(A) and source current isa(A) 
before and after compensation 

 
 

 
Figure 12. Source current isa(A) and source voltage Vsa(V) before and after compensation 

 
 Figure 13 show DC voltage outputs, the two capacitor voltages are also balanced and 
follow the similar trace but the voltage ripples on the capacitors now is more than balanced 
source voltage cases. The THDi is reduced from 28.16% to 2.12% after compensation. 
 

 
Figure 13. DC output voltages Udc, Udc1, Udc2 
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C. Balanced-distorted voltages source  
 When the three-phase voltages are balanced-distorted, mains voltages contain harmonic 
voltage components except fundamental component. The expression of the balanced-distorted 
voltages source used in this work contains the 5th harmonic component and also has the 3rd, 7th, 
11th harmonic component. For this case, the balanced distorted tree-phase mains voltages are 
expressed as below: 
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 Figure 15(a), Figure 15(b) and Figure 15(c) shows the unbalanced voltage source, line 
current (before and after compensation). Figure 16, shows the current and voltage source, and 
finally the dc voltage is presented in Figure 17.  
 

 
(a) Balanced-distorted supply voltage Vs-abc (V) 

 

 
(b) Source current isa (A) before compensation 
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(c) Injected current iha(A) 

 

 
(d) Source current isa (A) before and after compensation 

Figure 15. Source voltage Vsa(V), injected current iha(A) and source current isa(A) 
before and after compensation 

 

 
Figure 16. Source current isa (A) and source voltage Vsa(V) before and after compensation 

 
 Figure 17 show DC voltage outputs, the two capacitor voltages are also balanced and 
follow the similar trace but the voltage ripples on the capacitors now is small than unbalanced 
source voltage cases. The THDi is reduced from 28.16% to 2.09% after compensation. 
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Figure 17. DC output voltages Udc, Udc1 and Udc2 

 
 By visualizing different figures of the current source after compensation in all cases of 
voltage source, we can conclude the success in simulating of the harmonic currents 
compensation using the proposed fuzzy logic current controller. The performance of the three-
level shunt active filter based on FLC controller in terms of  eliminating  harmonics are very 
acceptable. The THDi values obtained in the three studied cases (1.84%, 2.12% and 2.09%) 
respect the IEEE standards Norms (THDi ≤5%). The PI regulator used ensures that the DC 
voltage across the capacitor is constant and equal to Udc-ref=800V with a fast dynamic 
response. The proposed proportional controller added to DC voltage control loop improves the 
performances of active power filter Figures (10), (13) and (17) shows the dc voltage output; the 
voltage ripple in unbalanced voltage case is more than distorted voltage case. The 
compensation of the neutral-point voltage based on proportional controller is used to improve 
the output multilevel voltage converter and to avoid an unbalanced AC voltage waveform on 
the AC terminals. 
 
7. Conclusion  
 In this paper, a three-phase three-level shunt active filter based on neutral-point diode 
clamped inverter based on PWM fuzzy logic current controller has been adopted to compensate 
harmonic currents under non ideal voltage conditions. The proposed PWM-FLC is designed to 
improve compensation capability of APF by adjusting the current error using a fuzzy rule to 
generate the PWM switching signals. To regulate dc bus voltage and compensate the power 
loss of the active filter a simple PI voltage controller is used in outer loop. To improve the 
output three-level voltage inverter and to avoid an unbalanced AC voltage waveform on the 
AC terminals a neutral-point potential voltage compensator based on proportional controller is 
added to DC voltage in inner control loop. The simulation results prove the effectiveness of the 
designed shunt active filter based on PWM fuzzy logic controller. The source current becomes 
closely sinusoidal and in phase with voltage source and the THD is reduced after compensation 
to 1.84%, 2.12% and 2.09% for the three cases studied in conformity with the standard IEEE 
recommendations (THD <=5%).  
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