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1Abstract : This paper presents a new approach for the 
identification of harmonic currents that MVF method called 
the neural, architecture chosen and the type of network 
occurred, We exposed the Feedforward neural by the 
backpropagation algorithm and system based on the neural 
adaptation technique with non-linear loads of variable 
electrical networks ,neural MVF   Used for generate and 
extract the reference currents which should be injected by 
three level  inverter is presented   after the identification 
using the three-level inverter controlled by space vector 
modulation (SVM) for minimizing the harmonics of source 
currents, The regulation of the current is accomplished by 
PI regulators all results achieved by digital simulation using 
MATLAB environment. 
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1. Introduction 

To improve the quality of energy, the solution used 
so far is the crossover that supplies reactive energy and 
harmonic trap despite its simplicity and low cost, this 
solution has drawbacks, and through the recent 
development of Semiconductor fully controllable 
power. The GTO Thyristors and IGBTs in particular, 
led to the design of new structures called static 
converters, active filters for compensation of electrical 
disturbances such as harmonics from the load and 
including several topologies have been developed and 
studied. Their response is automatically adapted to the 
disturbance to be removed. It therefore appears that the 
use of an inverter three level NPC structure as an 
active filter meets the needs of high levels of power 
required and can lead to more effective solutions. 
     Most APFs use a standard two-level voltage-source 
inverter  (VSI) [1, 2].However, for medium-voltage 
applications, three-  level VSIs have been proven to be 
more advantageous [3, 4,  5]. A three-level neutral-

                                                 
 

point-clamped (NPC) inverter can be employed in 
three-phase three-wire systems.  The advantages of 
three-level VSIs include lower harmonic distortion, 
lower switching frequency, and lower power loss. [6] 
APFs based on three-level inverters are generally more 
expensive but can be compensated by using smaller 
filter inductors, assuming the same switching 
frequency. However, the control of a three-level 
inverter is more complicated than a two-level inverter 
because of the large number of inverter switching 
states.  
    Therefore, there is greater difficulty in synthesizing 
the voltage reference vector [7,6]. 
     K.Hartana and G.G.Richards were among the first 
who used back propagation ANN to track harmonics in 
large power systems, where it is difficult to locate the 
magnitude of the unknown sources [8]. In their 
method, an initial estimation of the harmonic source in 
a power system was made using neural network. 
P.K.Dash et.al utilized the ADALINE, a version of 
ANN, as a new harmonic estimation technique [9,10] 
         The work presented in this article relates 
particularly to the simulation study of an inverter three 
level NPC structure used as a parallel active filter is for 
filtering of harmonic currents. This converter 
controlled by SVPWM strategy and will present an 
effective solution to pollution networks produced by 
non-linear loads. The extraction reference currents 
achieved by this new method is the FVM Neural 
networks based on feedforward multilayer perceptron 
type with the type propagation algorithm and the 
learning base that is developed from the results 
provided by the FMV algorithm. 
2. three-level inverter (NPC) 
      Multilevel inverters are currently being 
investigated. Recently, these are being used in various 
industrial applications. 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 As 
shown in Figure 1. the studied system is constituted of 
a DC supply, and a three-level voltage inverter bridge, 
we start by defining the Fij connection function of 
switch. It is “1” if the switch is closed and “0” 
otherwise. 
In controllable mode, the connection functions are 
related to the relation (1). 
Fij in the following manner:  

   

1     
     

0     

if S is closedij
Fij if S is openij


= 


                            (1)         

 
The switches of each leg are complementary pairs: 
 

1-  3 1, 2,3( _ 2)F F i jij i j= = =  

 
Fig. 1. Three level inverter 

3  Space Vector PWM for Three Level Inverter 
    There are altogether 27 switching states They Table 
1,correspond to 19 voltage vectors whose positions are 
fixed. These space voltage vectors can be classified 
into four groups, where the first group corresponds to 
3 zero vectors or null vectors (V0, V7, V14), the 
second group consists of large voltage vectors (V15-
V20), the third group consists of medium voltage 
vectors (V8-V13) and finally the fourth group consists 
of small voltage vectors (V1-V6). The last three 
groups can be distinguished into three hexagons 
illustrated in Figure 2. 
 

TABLE I.     THE SWITCHING STATES FOR A THREE-LEVEL 
INVERTER 

 

SWITCHING 

STATES  
S11 S12 S13 Vector 

1  0  0  0  V0  

2  1  1  1  V7  

3  2  2  2  V14  

4  1  0  0  V1  

5  1  1  0  V2  

6  0  1  0  V3  

7  0  1  1  V4  

8  0  0  1  V5  

9  1  0  1  V6  

10  2  1  1  V1  

11  2  2  1  V2  

12  1  2  1  V3  

13  1  2  2  V4  

14  1  1  2  V5  

15  2  1  2  V6  

16  2  1  0  V8  

17  1  2  0  V9  

18  0  2  1  V10  

19  0  1  2  V11  

20  1  0  2  V12  

21  2  0  1  V13  

22  2  0  0  V15  

23  2  2  0  V16  

24  0  2  0  V17  

25  0  2  2  V18  

26  0  0  2  V19  

27  2  0  2  V20  

 

The figure 2.shows the different switching state 
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Step 1 
Calculated the 
reference vector Vref 

Step 2 Hexagon 
identification 
 

Step 3 Sectors identification 

Calculating the 
periods of application 
of the control vectors 

Step 4 

Step 5 Return to initial sector 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Three-level voltage inverter vectors in the (α-β) 
frame 
 

3.1 Hexagon Identification 

     The small hexagon, we now called Hex A, bounded 
by the vectors, identical amplitude equal to 0.408.Vdc, 
 The average hexagon, be called Hex. B, defined by 
the vectors, identical amplitude equal to 0.612.Vdc, 
The large hexagon, be called Hex. C, delimited by the 
vectors,identical amplitude equal to 0.816.Vdc.[12] 

Each hexagon contains six sectors. 

3.2 Sectors Identification 

1     if  0 / 3

2     if  / 3 2. / 3

3     if   2. / 3
      sec                

4     if   4. / 3

5    if   4. / 3 5. / 3

6    if   5. / 3 2.

tor

θ π
π θ π

π θ π
π θ π

π θ π
π θ π

≤ <

≤ <

≤ <
=

≤ <

≤ <

≤ <











               (2) 

3.2 Calculating the Periods of 
Application of the Control Vectors 

    As said previously, we distinguish between 03 
hexagons Figure 2. where each one is constituted of 06 
regions. As aresult, we have 18 regions that wait the 
calculation of their respective switching times. To 
simplify this task, and for reason of similarities in the 
06 regions of one hexagon on the one hand, and 
resemblance between hexagons ‘a’ and ‘c’ on the other 
hand (the largest magnitude in hexagon ‘a’ (E/√6) 
constitutes the half of the largest magnitude in 
hexagon ‘c’ (E.√2/√3)), for these all reasons, in the 
switching times calculation’s procedure presentation, 
only two regions of hexagon ‘a’ and hexagon ‘b’, 
corresponding to the positive components of Vref, will 
be considered . The other switching times will be then 
deduced from these four regions. Remind-we that the 

limiting vectors (V1 to V20) magnitudes will take the 
following values[12] 

- Region I switching times calculation: 

1s k kT T T nT+= + +                                            (3) 
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          The strategy of vector PWM consists of five 
steps diagrammed by the flowchart Figure  3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Steps in SVPWM 

4.    Identifying harmonic current  

A. Identifying Harmonic Current by the Method of 
MVF  

    This filter says MVF, was developed by 
M.Benhabibe [14]. It’s based on the work of Song 



 

Hong-Scok and is based on the extraction of the 
fundamental signals, directly from the axes. However, 
it can be used very well to isolate the direct or inverse 
of a particular harmonics order [15,16].  

     The equivalent transfer function of the integration 
in the synchronous references frame «SRF» is 
expressed by the equation: 

( ) ( )c cj c t j ti s e e i t dtω ω
αβ αβ

−= ∫                                    (5) 

After Laplace transformation, we get the following 
equation: 

( )
( ) 2 2

( ) c

c

î s s jw
H s

i s s w
αβ

αβ

+
= =

+
                                         (6) 

 
By developing this equation, we obtain the 
expressions: 
 

( ) ( ) . ( ))ck
î i s î s î s

s sα α α β
ω

= − −                              ( 7)                          

( ) ( ) . ( ))ck
î i s î s î s

s sβ β β α
ω

 = − −                              (9)                                                   

Figure 4 illustrates the scheme of the multivariable 
filter. 
 
 
 
 
 
Figure 4. Multi-Variable Filter 

 

 

 

 

 
 
 
 
 
 
 
 
Fig. 4. Multi-Variable Filter 

B. Identifying Harmonic Current by the 
Method of neoral MVF  

         
Each neural network  filled with a well defined functio
n depending on the chosen architecture (the number of 
neurons in each layer). The problem is finding the 
function that gives a better result.   
The layers of input and output are well 
known because they are imposed by the system, but it 

is not known properly size the number of hidden layer 
et the number of neurons in these layers. For that 
several tests were performed to determine the optimal 
network architecture [13]. 
. 
Figure 5 represent a schematic diagram of a neural 
network based on a MVF, the neural network 
comprises a layer of between two and hidden layer and 
an output layer. 

• The activation function used for the first hidden 
layer is the hyperbolic tangent function (tansig) ; 
• The activation function used for the second hidden 
layer is the hyperbolic tangent function (tansig). 
• The activation function used for the output layer is 
the linear function (purelin).  

5. Simulation Results for neural MVF 

The best learning achieved by the proposed structure is 
presented in the following figures 6 (a and b) 

Fig. 5. The neuronal architecture proposed for neural MVF 

 

 

 

 

 
 

 

 

 

 

 

 

a. Results for the recognition 
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b. harmonic current by identifying neural MVF & MVF 

Fig. 6. (a)-Results for the recognition ,(b)- harmonic 
current by identifying neural MVF & MVF 

We note that the current MVF identified by neuronal 
follow the current identification by MVF shows that 
the networks neurons give significant results 

6.  Shunt active filter   

     In power distribution network active power 
filters are widely used for the reduction of 
harmonics caused by nonlinear loads. This paper 
describes a shunt active power filter with a control 
system based on the multi-level inverter (PWM). 
Due to the wide spread of power electronics 
equipment in modern electrical systems and 
power convertor units causes the increase of the 
harmonics disturbance in the AC mains currents 
has become a major concern due to the adverse 
effects on all equipment and distribution network 
[11].  

    The circuit configuration of the studied active 
filter is shown in Figure 7. The configuration is 
controlled to cancel current harmonics on the AC 
side and make the source current in phase with the 
voltage source. The source current, after 
compensation, becomes sinusoidal and in phase 
with the voltage source. 

 

A.  Control Scheme  
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Fig. 7. The block diagram of a shunt active power filter 

control scheme 

7.  Simulation Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. The current to the terminal of the non-linear load 
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Fig. 9. The output current of the inverter and the

current identified by Neural MVF

 

 

 

 

 

 

 

 
 
 

Fig. 10. The filter current

 

 
 
 
 
 
 

 

 
 
 
 
 

Fig. 11. harmonic current spectrum

7.  Conclusion 
In this article we propose a neural 
extraction of current harmonics 
method of MVF. Simulation results
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 network for the 
 apply to the 

results shows the 

convergence of networks
three level inverter controlled
SVPWM for parallel acti
harmonic  creates by a  nonlinear
In another side they obtained
current has almost a sinusoidal form
inverter output current tracks the
by the neural MVF method.
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