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Abstract-This paper presents the implementation of two approaches usually known as direct 
control techniques for the rotor side converter of doubly fed induction generator (DFIG) connected 
to the wind generation system, as an alternative to the classical vector control (VC). The proposed 
methods named, direct power control (DPC) and direct torque control (DTC). The main idea of 
two strategies is based on the selection of appropriate voltage vectors in the rotor side converter 
via a switching table, taken into account the error state defined by means of the hysteresis 
controllers, Instead of the proportional integral (PI) regulator used in classical vector control 
(VC), together with the information given about the rotor flux space vector position (sector), it is 
possible to select the rotor voltage vector directly without any technique of modulation. This 
provides a good dynamic state response and a simple implementation. Finally, simulation and 
experimental results for a 3 kW DFIG system using DS1104 successfully validate the proposed 
control methods during different operating circumstances, further demonstrates the dynamic 
performance of the proposed techniques. 

Keywords: back-to-back PWM converters (AC/DC/AC), Direct Power Control (DPC), 

Direct Torque Control (DTC), Doubly-Fed Induction Generator (DFIG), Vector Control 

(VC), Wind Energy. 

1. INTRODUCTION 

ACTUALLY the power system is changing, a large number of dispersed generation units 

including renewable sources such as wind turbines and photovoltaic (PV) generators, are 

being developed and installed all over the world [1]. A wide spread use of renewable 

energy sources in distribution networks is seen and many countries now have an ambition 

to increase the ratio of the power penetration covered by the wind energy from the whole of 

electrical energy consumption [2]. The doubly fed induction generator (DFIG) concept 

occupies an important place, and it offer a good solution for high power grid connection 

which gives a variable speed controlled wind turbine with a wound rotor induction 

generator and partial power scale frequency on the rotor circuit [3]. The topology is shown 

in Fig.1. 
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Figure 1 Schematic diagram of a DFIG-based wind power system. 

Control of a DFIG is traditionally achieved through the control of the components of the 

voltage vector in a field oriented control (FOC) [4]. Using back to back PWM voltage 

source converters in the rotor circuit instead of the earliest technic based on cyclo-converter 

[5]. A stator flux oriented control provides an independent control of active and reactive 

power drawn from the supply. The field-oriented control is an attractive control method but 

it has a serious drawback, it relies heavily on precise knowledge of the machine parameters, 

and to make matters worse it varies with temperature. After this, the direct control 

techniques were proposed for this machine, the DPC in [6]-[7] and the DTC [8], which 

originated from DTC for induction machines [9]-[10]. Such strategies provide direct control 

of the machines torque or power, and reduce the complexity of the VC algorithm. The 

measured stator power/torque are controlled directly by comparing them with their 

respective demanded values using hysteresis comparators. The outputs of the two 

comparators are then used as input signals of an optimal switching table [11]. Without any 

technique of modulation, this gives the control method more robustness and good dynamic 

state [12]. However, the converter variable switching frequency and the high sampling time 

needed for DTC/DPC to guarantee acceptable steady state, were forced many authors then 

to suggest improvements such as DPC/DTC with space vector modulation (SVM) [13]- 

[14], predictive direct power/torque control [15]-[16], sliding direct power/torque control 

[17]-[18], and some others introduce the sensorless operation [19] or use the Maximum 

Power Point Tracking (MPPT) systems to capture the maximum from the wind energy [20]. 

This work will make a comparative study between direct power control (DPC) and direct 

torque control (DTC) of 3 kW DFIG for grid connected operation using DS 1104. The 

paper is organized as follows, after introducing mathematical model of DFIG in Section II. 

And studying how the proposed methods directly calculate required rotor control voltage in 

Section III, The simulation and experimental results will be presented in the Section IV and 

Section V respectively. Finally the conclusion is drawn in Section VI. 

2. NOTATION 

The notation used throughout the paper is stated below. 

Indexes: 

�     � axis quantity 

�     � axis quantity 

r    Rotor quantity 

s    Stator quantity 

l    Leakage inductance 

m    Magnetizing inductance 
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Constants: 

��, ���  Stator resistance and leakage inductance 

��, ���  Rotor resistance and leakage inductance 

�	   Magnetizing inductance 

��    Total stator inductance 

��    Total rotor inductance 


�, ��   Stator voltage and current 


� , ��   Rotor voltage and current 

��    Stator flux 

��    Rotor flux 

	   Angular velocity of the rotor 

�	   Rotor angular position 

�    Number of pole pairs 

��    Electrical angular velocity 

�    Electrical rotor angular position 

��    Electromagnetic torque 

�	   Shaft mechanical torque 

�    Combined rotor and load inertia coefficient 

�     Combined rotor and load viscous friction coefficient 

3.  MATHEMATICAL MODEL OF DFIG 

The equivalent circuit of a DFIG expressed in the synchronous reference frame is shown in 

Fig.2. 

 

Figure 2 Equivalent circuit of a DFIG. 

Electrical equations presented by stator and rotor voltage vectors are given as: 


� = ���� + ���
�� + ����                          (1) 


� = ���� + ���
�� + �(�−��)��                    (2) 

Electromagnetic torque can be calculated by the following equation: 

�� =  
! ��	" (��⨂��)                       (3) 
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Figure 3 Diagram of reference frame angular position. 

Where: 

" = %
&�&�'&()

                           (4) 

�� = ���� + �	��                         (5) 

�� = ���� + �	��                         (6) 

�� = ��� + �	                          (7) 

�� = ��� + �	                          (8) 

Mechanical system can be expressed as: 

�
�� �	 = %

* (�� − ��	 − �	)                     (9) 

�
�� 	 = �	                           (10) 

4. DIRECT CONTROL ALGORITHMS OF DFIG 

Wind turbine using a doubly fed induction generator (DFIG) consists of a wound rotor 

induction generator and an AC/DC/AC IGBT based PWM converter. In this paper the grid 

side converter will not be detailed. The stator winding is connected directly to the 50 Hz 

power grid while the rotor is fed at variable frequency through the AC/DC/AC converter.  

 

Figure 4 Control diagram of DFIG system. 
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The AC/DC/AC converter is divided into two components: the grid side converter (GSC) 

and the rotor side converter (RSC). The objective of the supply side converter is to keep the 

DC link voltage constant regardless of the magnitude and direction of the rotor power flow 

controlled by the RSC. The mechanical power captured by the wind turbine is converted 

into electrical power by the induction generator and it is transmitted to the grid by the stator 

and the rotor windings. 

4.1. Direct Power Control of DFIG 

The command stator active and reactive power values are compared with the actual values 

by two hysteresis controllers. The reactive power controller is a two level comparator while 

the active power controller is a three level comparator as shown in Fig.5. 

 
Figure 5 Hysteresis comparators. 

The digitized output signals of the controllers and the rotor flux sector, obtained from the 

angular position, create input signals for a predefined lookup table (LUT). By it the 

appropriate voltage vector is selected according to the following Table. I. 

TABLE I. SWITCHING TABLE  

Ps Qs Selected vector 

↑ ↑ +,'- 

↓ ↑ +,.- 

↑ ↓ +,'/ 

↓ ↓ +,./ 

� ↓↑ +0,1 

The measured active and reactive power in the stator side of DFIG can be expressed as: 

2� =  
! (
3�3 + 
4�4)                        (11) 

5� =  
! (
4�3 − 
3�4)                        (12) 

In order to make an appropriate selection of the voltage vector the space phase plan is first 

subdivided into six 60° sectors 1, 2... 6. The instantaneous magnitude and angular velocity 

of the rotor flux of DFIG can now be controlled by selecting a particular voltage vector 

depending on its present location. Where the flux position angle is as follows: 

 = 6768 9�:�
�;�

<                          (13) 

The rotor active power is positive for negative slip (speed greater than synchronous speed) 

and it is negative for positive slip (speed lower than synchronous speed). For super-

synchronous speed operation, P> is transmitted to DC bus capacitor and tends to raise the 

DC voltage. For sub-synchronous speed operation, P> is taken out of DC bus capacitor and 

tends to decrease the DC voltage. Generally the grid side converter is used to generate or 
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absorb the power in order to keep the DC voltage constant. In our case we are using in the 

grid side converter just unidirectional rectifier with diode. 

 

4.2. Direct Torque Control of DFIG 

The rotor side converter is supplied from a common dc link. Therefore the rotor side 

frequency converter is controlled by a DTC strategy; this technique do not requires current 

regulators, coordinate transformations or technique of modulation. However DTC achieves 

good steady state and transient torque control conditions. The magnitude of the rotor flux is 

obtained as: 

|��| = @(�3�)! + A�4� B!
                       (14) 

In the case of sub-synchronous operation, the rotor and stator flux vectors rotate at the anti-

clockwise direction. The torque of DFIG machine is controlled through the rotor flux 

vector. If the trajectory of rotor flux ψ> is circular, TE increases as θ increases and vice 

versa. 

 
Figure 6 Sectors definitions. 

The measured electromagnetic torque and rotor flux are compared with the actual reference 

values using tow hysteresis controllers as shown in Fig.5 and the information of sector 

given by Fig.6 is obtained from the position of rotor flux. 

The choice of the voltage vector depends on the logic outputs of flux and torque controllers 

and on the position of the flux vector in the rotor plane divided into six sectors. The DTC 

optimal switching table is given in the following Table. 

TABLE II. SWITCHING TABLE  

�� ��  Selected vector 

↑ ↑ +,'/ 

↓ ↑ +,./ 

↑ ↓ +,'- 

↓ ↓ +,.- 

� ↓↑ +0,1 

 

5. SIMULATION RESULTS 

MATLAB/Simulink platform was used to perform the simulation study for the proposed 

DPC/DTC control of the DFIG used for a variable speed wind power generation. The 

parameters of simulated DFIG are given in the Table III. 
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5.1 Simulation Results with DPC 

Fig.7(a-b) shows the rotor and stator current waveforms of DFIG respectively with their 

total harmonic distortion. After and during step variation in the stator power active. 

 

 

 
Figure 7 Simulation results of DPC with step changes of active power. 

Fig.7(c) shows the produced active power in case of sup-synchronous operation with zero 

value of reactive power. 

5.2 Simulation Results with DTC 

Fig.8(a-b) shows the rotor and stator currents of DFIG respectively with their THD and 

harmonic spectrum. 

As shown in Fig.8(c) the electromagnetic torque follows its reference and no overshoot 

does occur. The rotor flux of DFIG is shown in same figure. 

The torque step from -9Nm to -4Nm (generator mode) at t=3.5s taking only around 2 

milliseconds, the rotor ψ> is kept constant at 0.9Wb. During the transient process, there is 

absolute absence in the stator and rotor currents. 
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Figure 8 Simulation results of DTC with step changes of torque. 

6. EXPERIMENTAL RESULTS 

The experimental setup of the DFIG system is shown in Fig.9. The control algorithm is 

implemented on 3kW DFIG with dspace DS1104 card, current and voltage are ensured by 

the (LA25NP) and (LV25P) sensors, whereas, both the rotor position and speed are given 

by a 8000-pulse incremental encoder implemented on the DC motor shaft. 

 

Figure 9 Snapshot of the hardware setup. 

6.1 Experimental Results with DPC 

Fig.10(a-b) shows the rotor and stator three phase currents of DFIG respectively. The 

response of the stator current corresponding to the step change in active power is presented 

in Fig.10(c). Since the reactive power reference is held at zero. These results show that the 

control of the unity rotor power factor is clearly realized. 
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Fig.10(d) show the stator active and reactive power exchanged with the grid. In the 

Fig.10(e) the sup-synchronous mode operation is clearly shown by the sector information of 

the rotor flux position. 

 

 

 
Figure 10 Experimental results of DPC with step changes in active power. 

6.2 Experimental Results with DTC 

Fig.11(a-b) shows the rotor and stator three phase currents of DFIG respectively under 

DTC approach control. The torque command is a step function of (∆TE) 5Nm and it is 

changed to -4 Nm when the machine speed is 1300rpm. The response of the stator current 

corresponding to the step change in torque is presented in Fig.11(c) with stator voltage to 

illustrate the power factor. 

 

 

Figure 11 Experimental results of DTC with step changes of torque. 
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It is clearly seen that the ripples in rotor current of DPC is much lower than those of DTC, 

while the dynamic performance is similar for them. 

 

TABLE III. PARAMETERS USED IN DOUBLY-FED GENERATOR 

Rated power   

  

  

  

  

3kW 

Rated stator voltage 173V  

DC-Link voltage 245V  

Frequency 50Hz 

Rated stator current 14A 

Rated speed 1300rpm 

Synchronous speed  1500rpm 

Stator resistance  0.88Ω 

Rotor resistance  1.7329Ω 

Stator inductance  175.2mH 

Rotor inductance  175.2mH 

mutual inductance  168.6mH 

 

7. CONCLUSION 

A Comparative study of Direct Control approaches for variable speed DFIG based wind 

energy conversion system has been proposed in this paper. All of the two compared control 

techniques showed remarkable performance for steady state and dynamic responses. The 

simulations implementation effort and experimental work produce important conclusions 

on the advantages and drawbacks of each control strategy. Two methods select appropriate 

voltage vectors directly using switching table, without technique of modulation and without 

proportional integral controllers, which give both approaches fast transitory response, with 

unimportant impact of parameters variation on the system performance. 

But it is clear from simulation and experimental results that the DTC strategy as presented 

in this work was outperformed by the DPC strategy. In this sense, just as the DPC strategy 

imposes the unity rotor power factor with excellent dynamic response and good steady state 

performances, which are useful for wind energy applications. 
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