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ABSTRACT 

In this paper, neuronal direct power control (DPC) strategy is applied for a doubly fed induction generator (DFIG) 

based wind energy generation system. Used in three level neutral point clamped (NPC) rectifiers, to directly control 

the active and reactive power, switching vectors for rotor side converter were selected from the optimal switching 

table using the estimated stator flux position and the errors of the active and reactive power, also the grid side is 

controlled by direct power control based a grid voltage position to ensure a constant DC- link voltage. This approach 

is validated by using MATLAB/SIMULINK software and simulation results can prove the excellent performance of 

this control as improving power quality and stability of wind turbine. 
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1. INTRODUCTION 

In recent years, the majority of electricity has been 

generated from traditional fossil sources, such as 

charcoal and oil and gas energy, which are 

nonrenewable sources. A great emissions of carbon 

dioxide has been emitted to the atmosphere, that is a 

result of serious warming of the global. For this reason 

and due to the modern development of electricity and 

production technologies, this last has been replaced by 

a new technology that is superseding old fuel burner 

power generation units. Among these recent electricity 

generation technologies, the renewable energy 

converters are magnificently shining with respect to 

their smaller size, lower cost per unit and being more 

environmental friendly [1]. 

There were several types of generators that have 

been used as wind energy converters. Induction 

generators of different kinds have become more 

accepted in wind energy conversion field [2]. Induction 

generators, especially doubly fed induction generators 

are becoming more and more popular in renewable 

source employment [3]. 

The wind energy is the most important potential, the 

power of wind turbines energy installed on the world is 

growing every year. Nowadays, variable speed wind 

turbine energy system is based on the doubly fed 

induction generator (DFIG) which is mostly used in 

wind turbine, the principal advantage of this machine is 

to have a three phase static converters sized for a part 

of the nominal power of the (DFIG), that makes a 

significant economic benefits compared to other 

possible solutions of electromechanical conversion. 

The major components of a typical wind energy 

conversion system include a wind turbine, a generator, 

an interconnection apparatus and a control system. 

Wind turbines convert the kinetic energy from the wind 

into electricity that can be fed to the grid for 

distribution. As shown in the Figure 1, the power 

originates from the mass flow of moving air. Aero-

dynamical forces rotate the blade to transform the wind 

energy to mechanical energy. Then, the wind turbine 

shaft transports the energy to the generator, which is 

connected to the grid. To improve the quality of 

electrical power supplied to the grid, speed and control 

mechanisms are employed [4]. 

The doubly fed induction generator is one of the 

generation systems, commercially available in the wind 

energy market, which its stator winding is directly 

connected to the grid and its rotor winding is connected 

to the grid through a frequency converter as shown in 
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Figure 1, along with operation and four quadrant active 

and reactive powers [5]. 

Based on the principles of DTC for electrical 

machine drives, direct power control (DPC) for three-

phase PWM rectifiers was proposed in [6], [7]. In [6], 

an optimal switching table is used to deliver an optimal 

vectors control for the converter that is based on the 

active and reactive powers error between the reference 

and estimated values of active and reactive powers and 

the angular position of the estimated converter terminal 

voltage vector. The converter terminal voltage was 

estimated using the dc link voltage and converter 

switching states. 

In this paper, a neuronal direct power control 

(NDPC) strategy is proposed for NPC three-level 

rectifiers based on wind energy generation system in 

order to control the active and reactive power. The 

NDPC is applied for both stator and rotor power 

converters, the stator active and reactive power is 

controlled by rotor side converter when the DC link 

voltage is maintained constant using the grid side 

converter.  

 

 
Fig. 1. Schematic diagram of DFIG-based wind 

generation system. 

 

2. MODELING AND CONTROL OF THE WIND 

SYSTEM 

The general electrical state model of the induction 

machine obtained using Park transformation is given 

by: 
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Electromagnetic torque equation is given by: 
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And its associated motion equation is given by: 
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Stator active and reactive powers are expressed by: 
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In the state space representation, the system is given as: 
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βα,  And δ  are constants defined as follows: 
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3. CONTROL OF GENERATOR AND ITS 

ASSOCIATED CONVERTERS  

Figure 2 demonstrates the main circuit topology of 

a DFIG system with the three level neutral point 

clamped (NPC) rectifiers, which is composed of a grid 

side converter (GSC), a rotor side converter (RSC) and 

a DC-link voltage capacitor. 
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Fig. 2. Circuit topology of the three level neutral point 

clamped (NPC) rectifiers for DFIG. 

 

3.1. Three level NPC inverter topology and 

modeling 

The converter used in this project is a Neutral-

Point-Clamped (NPC) three-level converter with three 

bridge legs. “Three-level” means that each bridge leg, 

A, B and C can have three different voltage states. The 

converter topology can be seen in Figure 3. Switch 1 

and 3 on each leg are complementary, which means 

that when switch 1 is on, switch 3 is off and vice versa. 

Switch 2 and 4 is the other complementary switching 

pair [8]. 

 

 
Fig.3.  The main circuit topology of the three level 

neutral point- clamped. 
 

If each of the capacitors has a constant voltage of 

0.5 dcU , then having the two upper switches on will 

give an output voltage of dcU  compared to level 0, 

switch 2 and 3 on will give 0.5 dcU  and by having the 

two lower switches on, an output voltage of 0 will 

occur. In addition to these three states there is a 

forbidden state where the first switch is on while the 

second is off [8]. 

Table 1. The bridge leg voltages at different 

combinations of switch states. 

Leg 

state 0aU  US1  US2  US3  US4  

2 dcU  ON ON OFF OFF 

1 0.5 dcU  OFF ON ON OFF 

0 0 OFF OFF ON ON 

 

Three-level diode-clamped inverter, which is also 

known as a neutral-point clamped (NPC) inverter is 

used. In the Figure 3, the DC-link capacitor has been 

split to create the neutral point O. An additional 

clamping diode is connected in series with a pair of 

devices with bypass diode between the neutral point 

and the center of the pair, as shown. All three phase 

groups are identical. The phase U, for example, gets the 

state P (positive bus voltage) when the switches 

US1 and US2 are closed, whereas it gets the state N 

(negative bus voltage) when US3 and US4 are closed. 

At neutral-point clamping, the phase gets the O state 

when either US2 or US3 conducts depending on 

positive or negative phase current polarity, 

respectively. For balancing neutral-point voltage, the 

average current injected at O should be zero [9]. 

 

 
Fig. 4. Vectors and sector division of DPC system in 

three-level NPC rectifier 
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4. DIRECT ACTIVE AND REACTIVE POWER 

CONTROL PRINCIPLE 

The dynamic behavior of a DFIG is described 

according to (1) and (2) of the general electrical state 

model written in the term of space vectors in a rotor 

reference frame, the stator active and reactive power 

inputs from the network can be calculated as: 
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Where  rsm LLL21    , s  and    are the 

synchronous angular frequency and angle between the 

rotor and stator flux linkage vectors. 

The fact that the stator is directly connected to the grid 

provides a stator flux vector with constant amplitude 

and a constant rs    in the rotor reference frame. 

Derivation along (7) and (8) results in the following 

equations: 
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Neglecting the rotor resistance in (11), we have: 

dt

d
IRV r
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The rotor flux variations in the rotor reference frame 

are approximated as: 

r
r V

dt

d



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According to (12) the rotor flux moves in the 

direction of the applied rotor voltage vector and its 

speed is proportional to the amplitude of the voltage 

vector. 

 

4.1. DTC Principle                   

The basic principle of the Direct Power Control 

(DPC) was proposed by Noguchi [10] and is based on 

the well-known Direct Torque Control (DTC) for 

induction machines. In the direct power control, the 

torque and flux amplitude is replaced by active and 

reactive powers, the basic concept of this method is 

using an optimal vectors table to stratify and optimal 

vectors were being based on the reactive and active 

powers error, as illustrated in Figure 5 to correctly 

estimate power and reduce the numbers of 

implemented voltage sensors, Noguchi proposes the 

voltage vector estimation. The computation of the time 

derivative of the measured currents is involved by the 

implementation of such approach. The noise can be 

increased by using the derivative in the control loop, 

thus increasing the level of distortion. 

4.2. Vector and switching states selection in 

traditional there-level DPC Strategy 

The vectors and sector division of DPC strategy are 

shown in the Figure 4. It divides the vector diagram in 

twelve sectors which are 121 θ...θ , in this diagram each 

sector has one zero vector which is ( )0V , one larger 

vectors  are ( )6....1=i,VLi ,one middle vectors are 

( )6....1=i,VMi ,and one also small vectors are 

( )6....1=i,VSi , The magnitude of large vector is 

dcU32 , the magnitude of middle vector is 

dcU21 and the magnitude of small vector is 

dcU61 . 

 
Fig.5. Schematic diagram of classical DPC of DFIG. 

 

4.2. Principle for vector and switching states 

selection traditional three-level DPC strategy 

Figure 5 shows the block scheme of traditional DPC 

with switching table used in three-level NPC rectifiers. 

The grid voltage  cba uuu ,,  and currents  cba iii ,,  

are measured to calculate the active and reactive 



Majlesi Journal of Electrical Engineering                                Vol. 11, No. 3, September 2017 

 

29 

powers and they are estimated using equations (13) and 

(14). From equation (15), stator flux angle is calculated 

and transformed into rotor frame [11]. 

The active power reference 
*
gp ,(delivered from the 

outer DC voltage closed loop PI controller) and the 

reactive power reference 
*
gq  are compared with active 

power gp  and reactive power gq  respectively. Then 

the errors are processed of pS  and qS  which may 

become 1 (means instantaneous power needs to be 

increased) or 0 (means instantaneous power needs to be 

decreased) as shown in equation below (16). Thus, the 

most appropriate vector will be selected according to 

the location of reference vector ( n ). In other words, a 

set of certain parameter ( pS , qS and n ) corresponds to 

a certain optimal vector, and together they constitute 

the switching state table which is the key technology of 

three-level DPC strategy [14]. 
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The switching states in the table 2 will optimize the 

final output performance from two aspects: 

Firstly, the switching state should balance the 

neutral point voltage otherwise the three-level NPC 

converter will be unable to work normally.  

Secondly, the total switching losses of the system 

should be as small as possible in order to improve 

efficiency [12]. 
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Two three-level hysteresis comparators are used to 

generate the respective active and reactive power states 

pS and qS  as in Figure 6 shows. 

 
Fig. 6. Active and reactive power compensator. 

 

Table 2. Bridge leg voltages at different 

combinations of switch states. 

pS  qS  1  2  3  4  5  6  

1 0 
1SV  1SV  2SV  2SV  3SV  3SV  

1 1 
2SV  2SV  3SV  3SV  4SV  4SV  

0 0 
1LV  1MV  2LV  2MV  3LV  3MV  

0 1 
1MV  2LV  2MV  3LV  3MV  4LV  

pS  qS  7  8  9  10  11  12  

1 0 
4SV  4SV  5SV  5SV  6SV  6SV  

1 1 
5SV  5SV  6SV  6SV  1SV  1SV  

0 0 
4LV  4MV  5LV  5MV  6LV  6MV  

0 1 
4MV  5LV  5MV  6LV  6MV  1LV  

 
5. PHASE-LOCKED-LOOP (PLL) 

When dealing with the control of grid connected 

converters, an aspect that needs to be taken into 

account is the correct generation of the reference 

signals, which is obtained with a fast and accurate 

detection of the phase angle and the grid frequency and 

voltage. One of the methods to synchronize the 

reference current of the inverter with the grid voltage is 

an algorithm called Phase-Locked-Loop (PLL) [13].  

The block diagram of the PLL algorithm 

implemented in the synchronous reference frame is 

shown in Figure 7. 
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Fig.7.Phase looked loop diagram. 

 

The adjustment diagram of the angular positon is 

given in the figure below: 

 
Fig.8. The adjustment diagram of the angular. 
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An identification with a second order transfer 

function system, the gains of the regulator is given as:  
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6. ARTIFICIAL NEURAL NETWORK BASED 

VOLTAGE VECTOR SELECTION  

 ANN has a very significant role in the field of 

artificial intelligence. The artificial neurons learn from 

the data fed to them and keep on decreasing the error 

during training time and once trained properly, the 

results are very much same to the results required from 

them, thus referred to as universal approximators [14].  

The most popular neural network used by 

researchers are the multilayer feed forward neural 

network trained by the back propagation algorithm. 

There are different kinds of neural networks classified 

according to operations they perform or the way of 

interconnection of neurons. Some approaches use 

neural networks for parameters estimation of electrical 

machines in feedback control of their speeds. Here we 

have used a feed forward neural network to select the 

voltage vector which replaces the lookup table in the 

case of C-DTC strategy [15], [16].  

In the case presented in this paper the DTC control 

strategy shown on Table 1 has been implemented. 

Neural network has been devised having as inputs: the 

torque error, the rotor flux error and the position of the 

flux sector, and as output: the rotor voltage space 

vector to be generate by the inverter [17], [18].  

The network taken in this study is a feed-forward 

network with first layer of log sigmoid transfer 

function, second layer of hyperbolic tangent sigmoid 

transfer function and third layer of linear transfer 

function. Training method used was again back- 

propagation. The back-propagation algorithm is used to 

train the neural networks. As soon as the training 

procedure is over, the neural network gives almost the 

same output pattern for the same or nearby values of 

input. This tendency of the neural networks which 

approximate the output for new input data is the reason 

for which they are used as intelligent systems. In 

matlab command we generate the simulink block ann 

of switching table by “gensim(net35)” given this model 

shown in figure 9. 

 

 

 

 

Fig.9. Active and reactive power compensator. 

 

6. SIMULATION RESULTS  

Simulation results, given in figures below show the 

performances of three-level NPC converter-based on 

neuronal direct active and reactive power control to a 

wind turbine system. It shows clearly good tracking 

capabilities of the reference set point for both active 

and reactive powers. 
The simulation results of the direct active and 

reactive power control of the DFIG are shown in the 

figures below. The simulation is performed using 

MATLAB/SIMULINK software 

Figure 10 shows the active and reactive power 

transited to the grid with their references and the three 

phase rotor and stator currents. The responses of both 

active and reactive power during step change of their 

references are within a few milliseconds, there is no 

over shoot of the stator active and reactive power. 
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Figure 11 shows the electromagnetic and the rotor 

currents in the reference frame, we can observe that 

changing the two rotor currents are affected by 

changing the active and reactive powers.  

For the DC link voltage regulation, we observe that 

the measured DC voltage follows its reference very 

well. 

Simulation results, given in Figures below show the 

performances of Three-Level NPC Converter-Based 

Direct Active and Reactive Power Control to a wind 

turbine system. It shows clearly good tracking 

capabilities of the reference set point for both active 

and reactive powers. 
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Fig.10. Simulation results of the three level NPC 

converter-based direct power control of the doubly fed 

induction generator. 
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Fig.11. Simulation results of the three level NPC 

converter-based direct power control of the doubly fed 

induction generator. 
 

6. CONCLUSION 
A direct active and reactive power control method is used 

in three levels neutral point clamped (NPC) converter and 

rectifier for a doubly fed induction generator (DFIG) system 

has been proposed in this paper. The DPC method uses an 

optimal switching table to stratify an optimal vectors based 

on the active and reactive flux position. An optimal switching 

table is performed to select the voltage vectors, this technique 

has been used for a good tracking of active and reactive 

power references, with decoupling of these two powers 

exchanged between the grid and the doubly fed induction 

generator by controlling the rotor side converter. Simulation 

results confirm the effectiveness and robustness of the 

proposed DPC strategy control. The active and reactive 

powers are decoupled and track their references values very 

well. Also the DC link voltage is maintained in a constant 

value. 
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