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COMPARATIVE STUDY BETWEEN TWO SENSORLESS METHODS
FOR DIRECT POWER CONTROL
OF DOUBLY FED INDUCTION GENERATOR
ALI IZANLO1, S. ASGHAR GHOLAMIAN2, MOHAMMAD VERIJ KAZEMI3
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In this paper two control system proposed and then applied for a DFIG by variable speed wind turbine under unbalanced grid
voltage. In this control system the rotor position sensor is eliminated by using two methods for detecting the rotor position. Also,
presents an analysis and comparison study of two sensorless methods for the detection of rotor position of the doubly fed induction
generator (DFIG). These two methods were compared with each other under different condition i.e. various unbalanced voltage,
super-synchronous, sub-synchronous and variable speed and in the end, Advantage of any of the methods is expressed. The two
methods studied in this paper for rotor position estimation, are rotor current model reference adaptive system (MRAS) and using of a
sensorless strategy. Both methods obtained required information for rotor position estimation by measuring stator voltage, stator and
rotor current. Till now, has not been used from sensorless algorithms and MRAS observer for DFIGs control when the network voltage
is unbalanced. Also, during network unbalance, three selectable control targets are identified for the rotor side converter (RSC), i.e.
obtaining sinusoidal and symmetrical stator currents, mitigation of active and reactive powers ripples and the cancellation of
electromagnetic torque oscillations. A case study on a typical 2 MW DFIG based wind turbine demonstrating the effectiveness of
the proposed control methods is verified with simulations in Matlab/Simulink.

1. INTRODUCTION
The DFIG control comprises both the RSC and grid side
converter (GSC) controllers so that the RSC controls stator
active and reactive powers and the GSC regulates dc link
voltages as well as generation an independent reactive power
that is injected into the grid. The DFIG can be controlled by
well-known field oriented control (FOC) [1], direct torque
control (DTC) [2] or direct power control (DPC). During
the recent period, the DPC strategies have also been
development to control DFIG systems [3–7].
A simple position sensorless method for rotor side field
oriented control of a wound rotor induction machine is
described in [8]. The algorithm is based on axis transformation.
Compared to the other methods, it is more direct and the
dependence on machine parameters is also largely reduced.
In [9], the previous sensorless idea using for DPC of a single
voltage source converter (VSC) based DFIG. In [10] presents a
stator flux based MRAS structure for observing the rotor
position and speed of a DFIM.
More recently, the application of DPC for the DFIG
under unbalanced grid voltage condition has also been reported
[11–14]. Basically, the available unbalanced control methods
were based on the symmetrical component theory, which
states that an unbalanced system is a combination of the
positive and negative networks. In [11] a new kind of reference
power generation technique for DPC were proposed to
eliminate the torque and power pulsations. It was shown
that the oscillation term of electromagnetic torque can be
eliminated without any sequence extraction. Izanlo et al. [12]
proposed a new DPC method under transient unbalanced
grid voltage. He used from a new converter in rotor and
grid side and presented a new switching table for them. In
[13, 14] an model predictive direct power control with power
compensation and three selective control targets presented,
obtaining sinusoidal and symmetrical grid current, removing
active and reactive power ripples and mitigation torque
oscillation, in order to enhance the control flexibility and
performance of the DFIGs when the network is unbalanced.
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2. DYNAMIC BEHAVIOUR OF A DFIG
IN THE STATOR STATIONARY FRAME
The mathematical equations for a DFIG can be expressed
in the stationary frame (αβ frame) using complex vectors.
These are now well known but for completeness they are
quoted below [3]
V ssαβ = R s I ssαβ + ψ ssαβ

(1)

V rsαβ = R r I rsαβ + ψ rsαβ − jω r ψ rsαβ

(2)

ψ ssαβ = Ls I ssαβ + Lm I rsαβ

(3)

ψ rsαβ = Lm I ssαβ + Lr I rsαβ

(4)

{ } {

}

(5)

{ } {

}

(6)

Ps =

3
3
Re Vs .I s* = Vssα I ssα + Vssβ I ssβ
2
2

Qs =

3
3
Im Vs .I s* = Vssβ I ssα − Vssα I ssβ
2
2

Te =

{

}

{

where the phasors and variables are define as
Ps , Qs
Pconst , Qconst

– Stator active and reactive powers;
– Stator original power references;

P1 , P2 , P3 , P4

– Active power components;

Q1 , Q2 , Q3 , Q4

– Reactive power components;

V s , Vr

– Stator and rotor voltage vectors;

Is , Ir

– Stator and rotor current vectors;

R s , Rr

– Stator and rotor resistance;

Lσs , Lσr

– Stator and rotor leakage inductance;
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}

3
3
p Im ψ *s .I s = p ψ ssα I ssβ − ψ ssβ I ssα ,
2
2

(7)
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Lm

– Magnetizing inductance;

ψs , ψr

– Stator and rotor flux vectors;

Te

– Electromagnetic torque;

ωr , ω s , ωm
p

– Rotor, stator and slip speeds;

As a result, the required active power for compensation
become
Pref = Pconst + 2 P3 = Pconst + 2 P4 .

3.3. SINUSOIDAL AND BALANCED STATOR
CURRENT EXCHANGED WITH GRID (TARGET 3)

3. POWER COMPENSATION STRATEGIES
UNDER UNBALANCED CONDITION
In this section, the control strategies that injection sinusoidal
and symmetric stator current into the grid, and produces
constant active and reactive power and electromagnetic torque
will be analyzed.
In unbalanced condition stator active and reactive powers
and electromagnetic torque by forgoing from the stator
resistance can be written as [12]
Ps =

3
( P1 + P2 + P3 + P4 )
2

3
Q s = (Q1 + Q 2 + Q3 + Q 4 )
2

Te =

3p
( P1 − P2 + P3 − P4 ).
2ω s

(8)

(9)
(10)

The pulsation terms P1, Q1 and P2, Q2 are constant at steady
state, because they are composed by the same sequence
product. However, terms P3, Q3 and P4, Q4 oscillate at twice
the grid frequency pulsation, since they are composed by
positive and negative sequence products.
3.1. ACTIVE AND REACTIVE POWER OSCILLATION
CANCELLATION STRATEGY (TARGET 1)
In order to obtain constant active and reactive power, the
both of them reference must be kept constant, thus the active
and reactive power ripples must be zero, i.e. [11]
P3 + P4 = 0

(11)

Q3 + Q4 = 0.

(12)

As a result, the required powers for compensation become
Pref = Pconst = P1 + P2

(13)

Qref = Qconst = Q1 + Q2 .

(14)

According to the (10) and (11), even if the stator active
and reactive power pulsation can be removed by the
unbalanced DPC, the torque pulsation will still exist.
3.2 TORQUE OSCILLATION CANCELLATION
STRATEGY (TARGET 2)
This objectives is to mitigate the torque oscillation when
the network is unbalanced. According to (10), the only way
to achieve constant electromagnetic torque is by imposing [11]
P3 − P4 = 0 .

(16)

Since the condition for torque oscillation cancellation in
(15) is not related to reactive power, no compensation is
needed for the reactive power; that is, Qref = 0.

– Number of pole pairs;
– Donates the complex conjugate
operation.

*
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(15)

If P4 and Q4 are added to the original power references to
obtain the new power references, P3 and Q3 can be forced to
zero; that is, the negative sequence current is eliminated. In
other words, I s−α and I s−β have to be zero if P3 and Q3 are
to be maintained as zero.
Therefore, the compensating power pulsations become [13]
Pref = Pconst + P4

(17)

Qref = Qconst + Q4 .

(18)

In the above equation, Pconst and Qconst are equal to original
power references under balanced grid voltage condition.
4. IMPLEMENTED
SENSORLESS CONTROL METHODS
To increase the reliability of the grid synchronization
process, it is important to implement the sensorless rotor
position control. There are two main methods that are been
used for the detection of rotor position: 1) derived from a shaft
sensor, 2) derived from a sensorless algorithm. Sensorless
operation is more desirable than using shaft sensor, because
the shaft sensor has several disadvantages related to the cost,
cabling between the sensor and the controller, robustness and
maintenance. The rotor current of DFIGs is available for
measurement, which is not possible in cage rotor induction
machines. This provides more flexibility in designing sensorless
control schemes for DFIGs.
In this study, DPC methods were used to implement the
two sensorless control algorithm under unbalanced grid voltage.
The DPC of DFIG under unbalanced condition has already
been studied before, but there are nothing reports related to
the use of sensorless algorithms and MRAS observer for
DFIGs control when the network voltage is unbalanced.
Figure 1 shows the schematic diagram of the improved control
scheme for sensorless DPC of grid connected DFIGs when
the network voltage is unbalanced. The proposed compensation
methods for powers, torque and stator current oscillation,
and too rotor position estimation block, under unbalanced
grid voltage conditions shown in Fig. 1. It can be seen from
the figure, the compensating powers is calculated according
to (13), (14) or (16) or (17), (18), as shown in the dotted line
block. A notch filter turned at double grid frequency has been
adopted to extract positive and negative sequences stator
current and voltage. The filter may involve some amplitude
and phase errors that may worsen the control effect. However,
since the notch filter is just used to calculate the compensating
power and it lies out of the power control loop, the inherent
defects caused by sequential decomposition, such as slow
dynamic response and low bandwidth of the control loop,
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could be avoid. As it is known, performance of the DPC for
DFIG depends on the accuracy of rotor position measurement.
In Fig. 3, the rotor position is obtained from rotor position
detection block and two different sensorless control methods
are used inside this block. One of these methods is sensorless
algorithm and the other rotor current based MRAS observer.

3

In terms of the stator and rotor currents, the stator flux
magnetizing current (Ims) in stator coordinate system can be
expressed as
′ α [k ] = (1 + σ s ) I sα [k ] + I rs
′ α [k ]
I ms

(23)

′ β [k ] = (1 + σ s ) I sβ [k ] + I rs
′ β [k ]
I ms

(24)

′ = I ms
′2 α + I ms
′2 β ,
I ms

(25)

where σ s = ( L s L r − L2m ) / L s Lr is the stator leakage factor.
The stator flux magnetizing current vector (Ims) makes an
angle ( θ − 90 ) with the stator axis. Its α, β components can
be written as
I msα = I ms sin θ

(26)

I msβ = − I ms cos θ,

(27)

where
sin θ =

cosθ =

V sβ

(28)

Vs2α + Vs2β

Vsα
Vs2α + Vs2β

.

(29)

Fig. 1 – The proposed schematic diagram of the sensorless DPC
for DFIG under unbalanced condition.

4.1. SENSORLESS ALGORITHM
Seen from the stator coordinate system, (Ir) makes an
angle θS. Figure 2 shows the same rotor current makes an
angle θr with the rotor axis. The problem, therefore, is to compute
θS and θr, so that (θm)es = (θS – θr) can be determined.
Rotor current magnitude and unit templates of rotor currents
aligned to rotor axis are calculated as [8–9]
Ir =

cos θ r =

I r2α

Fig. 2 – Phasor diagram for rotor position estimation sterategy.

+ I r2β

(19)
I r2β

I r2α
, sin θr =
.
Ir
Ir

(20)

The rotor current unit templates ( cos θ s , sin θ s ) aligned
to the stator coordinate system has to be calculated. Using
previous unit template samples two phase rotor currents
( I rα , I rβ ) are converted into stator coordinates as
I rs′ α [ k ] = I rα [ k ] * (cos θ m [ k − 1]) est −
− I rβ [ k ] * (sin θ m [ k − 1]) est

I rs′ β [k ] = I rα [k ]*(cos θm [k − 1])est +
+ I rβ [k ]*(sin θm [k − 1])est ,

(21)

Using above Ims and measured value of stator current (Is),
the rotor currents can be computed in the stationary frame
as
I rsα = I msα − (1 + σ s ) I sα

(30)

I rsβ = I msβ − (1 + σ s ) I sβ

(31)

I rs = I rs2 α + I rs2 β .

(32)

The unit vectors of rotor current in stationary coordinate
system are given by

sin θ s =
(22)

where k is the present sample, (k-1) is the previous sample,
superscript ' indicates the intermediate variable, where
(cos θ m [k − 1]) est and (sin θ m [k − 1]) est are the unit vectors
of rotor position estimated in previous sample.

I rsβ
I rs

, cos θ s =

I rsα
I rs

.

(33)

Equations (20) and (33) represent the unit vectors in the
two reference frames, the former rotating at synchronous
speed and, the latter at slip frequency. The unit vectors
pertaining to the rotor position (θ m ) est = (θ s − θ r ) can
now be easily computed

4
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cos(θm )est = cos(θ s − θr ) = cos(θ s ) cos(θr ) +
+ sin(θ s )sin(θr )
sin(θm )est = sin(θ s − θr ) = sin(θ s ) cos(θr ) −
− cos(θ s )sin(θr )

(34)

(35)

The unit vectors of slip angle are used in below equation
for finding the stator flux vector in rotor reference frame.
This is equation as
ψ rs = (ψ sα + jψ sβ ){cos(θm )est − j sin(θm )est },
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Fig. 4 – MRAS observer structure.

(36)
5. SIMULATION RESULTS

where the stator flux linkages are calculated as

ψ sαβ = ∫ (Vsαβ − Rs I sαβ )dt.

(37)

4.2. MRAS OBSERVER
The proposed observer is based on comparison of two
signals the first comes from a model reference (MR) block,
which is independent from speed value, whereas the second
is obtained from adaptive system (AS) which includes
speed value. The error signal between MR and AS is
applied to adaptation mechanism (AM). The output of the
AM is a tuning signal used to adjust the AS for which the
error is minimized. Fig. 3 shows a block diagram of an MRAS
observer [10].

Fig. 3 – Block diagram of a MRAS observer.

From (3), the rotor current is calculated as
I rsαβ =

ψ ssαβ − Ls I ssαβ
Lm

,

(38)

where ψ ssαβ can be calculated based on (37). The error
between the measured rotor current and the estimated from
(53) can be expressed as
ε = Iˆrsα × I rsβ − I rsα × Iˆrsβ .

(39)

The error ε in (39) is the cross product between the real
and estimated rotor current vectors. This error is driven to
zero by a proportional-integral (PI) controller. The implementation
of the MRAS observer is shown in Fig. 4. In the practical
implementation of (37), a band pass filter is used as a
modified integrator to block the dc components of the measured
voltages and currents. Since Vs and Is are at a frequency well
above the filter cut-off frequency, there is no deterioration
in integral action.

The proposed DPC algorithm with two sensorless control
methods for DFIG application is designed and simulated in
MATLAB/Simulink software. The nominal converter dc link
voltage was set at 1 200 V. During simulation, the sampling
frequency is 20 kHz and the bandwidths of the active and
reactive power hysteresis controllers are set at ±4% of the
rated generator power of 2 MW.
The performance of the system will be analyzed under
steady-state operation condition. The grid voltages unbalance
programmed for this experiment are (Vsa = 0.95 < 0,
Vsb = 0.83 < –113, Vsc = 0.99 < –210, yielding 0.91 of positive
sequence and 0.09 of negative sequence in per unit (p.u.)
value). The DFIG was assumed to be in speed control, i.e.,
the rotor speed is set externally, as the large inertia of the
wind turbine results in slow change of rotor speed. The various
stator power references applied, i.e., active and reactive power
reference are changed from 1 to –1 (p.u) at 0.16 s and from
–0.33 to 0.33 (p.u) at 0.14 s, respectively in different condition
(constant speed of 0.8 p.u, constant speed of 1.2 p.u, and
50 % increasing in all inductance), where the synchronous
speed was defined as 1 unit.
As shown in the previous section, Target 3 give good
attenuations of both torque and active power oscillation. For
Target 1, while the active power oscillation is greatly reduced,
the torque pulsation is relatively large. Similar observation
can also be noticed for Target 2. The selection of the control
target is highly dependent on the design of the turbine system
and the operation of the network.
In Fig. 5, the Target 1, i.e., active and reactive power
oscillation cancellation strategy, was selected as the control
objective.
In Fig. 6, the Target 2, i.e., electromagnetic torque oscillation
cancellation strategy, was selected as the control objective.
The second half, of Fig. 6a shows the power tracking behavior
in order to cancel the electromagnetic torque oscillation.
Figure 6b shows the current exchanged through the stator
under these operation conditions. In the simulation results,
a strong deterioration of the currents can be observed before
0.14 s. This fact is due to the oscillating behavior of the
electromagnetic torque during this first half of the experiment.
In addition, when the torque oscillation cancellation strategy is
operating, the stator currents are unbalanced, but sinusoidal.
In Fig. 7, the Target 3 of the power compensation scheme is
implemented. As shown in Fig. 7, it can be observed that
there are oscillating components in both the active and reactive
powers because of the two oscillating terms P4 and Q4
added to the original constant active and reactive powers.
However, these eliminate the negative sequence current. As
a result, the stator current become quite sinusoidal and
symmetric, thus power quality is improved significantly.
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More tests were accomplished on sensorless DFIG and
results placed in Table 1. A comparison between two sensorless
methods under different condition was carried out, and each
of the methods that have better performance in tracking
power reference and lower ripple, introduced. For calculate
the active and reactive power ripples we define

ΔP = ∫ ( P − Pref )2 dt

and

ΔQ = ∫ (Q − Qref )2 dt

in

definite time span. According to the Table, in all conditions
MRAS observer method performs better in low voltage
unbalance with variable and constant power reference, but
the sensorless algorithm method is better in high voltage
unbalanced with variable and constant power reference.

3.1

5

Also, both of two ways has good performance to the
changes in the Rs and Ls parameters. For this reason this
tests have not been put in table. It can be noted, the grid
low voltage unbalance programmed for this experiment
is (Vsa = 0.73 < 0, Vsb = 0.7 < –116, Vsc = 0.79 < –237,
yielding 0.74 of positive sequence and 0.04 of negative
sequence in per unit (p.u.) value) and the high voltage
unbalance is (Vsa = 0.95 < 0,
Vsb = 0.83 < –113,
Vsc = 0.99 < –210, yielding 0.91 of positive sequence
and 0.09 of negative sequence in per unit (p.u.) value).
To view more information refer to corresponding table.

3.2

3.3

Fig. 5 – Simulation results comparison for positioning the rotor with sensor (3.1), without sensor by using of sensorless strategy (3.2)
without sensor by using of MRAS observer (3.3), and with power compensation for target 1 (for rotor speed 0.8 p.u.):
a) stator active, and reactive powers (p.u); b) stator currents (p.u); c) electromagnetic torque (p.u).

3.1

3.2

3.3

Fig. 6 – Simulation results comparison for positioning the rotor with sensor (3.1), without sensor by using of sensorless strategy (3.2)
without sensor by using of MRAS observer (3.3), and with power compensation for target 2 (for rotor speed 1.2 p.u.):
a) stator active, and reactive powers (p.u); b) stator currents (p.u); c) electromagnetic torque (p.u).
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3.1

3.2
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3.3

Fig. 7 – Simulation results comparison for positioning the rotor with sensor (3.1), without sensor by using of sensorless strategy (3.2)
without sensor by using of MRAS observer (3.3), and with power compensation for target 3 (for 50% increasing all inductances):
a) stator active, and reactive powers (p.u); b) stator currents (p.u); c) electromagnetic torque (p.u).
Table 1
Comparison between two sensorless method in different condition

Sub-synchronous
speed (0.8 p.u)
Super-synchronous
Speed (1.2 p.u)
Variable Speed (from
1.2 to 0.8 p.u)

Target 1
Target 2
Target 3
Target 1
Target 2
Target 3
Target 1
Target 2
Target 3

Low voltage unbalance
with variable power
reference
MRAS observer
MRAS observer
MRAS observer
MRAS observer
MRAS observer
MRAS observer
MRAS observer
MRAS observer
MRAS observer

Low voltage unbalance High voltage unbalance with High voltage unbalance with
with constant power
variable power reference
constant power reference
reference
MRAS observer
Sensorless algorithm
Sensorless algorithm
MRAS observer
Sensorless algorithm
Sensorless algorithm
MRAS observer
Sensorless algorithm
Sensorless algorithm
MRAS observer
Sensorless algorithm
Sensorless algorithm
MRAS observer
Sensorless algorithm
Sensorless algorithm
MRAS observer
Sensorless algorithm
Sensorless algorithm
MRAS observer
Sensorless algorithm
Sensorless algorithm
MRAS observer
Sensorless algorithm
Sensorless algorithm
MRAS observer
Sensorless algorithm
Sensorless algorithm

6. CONCLUSION
This paper presented two control system for DFIG based
wind energy generation system operating under unbalanced
network condition. Methods for providing enhanced system
control and operation for DFIG based wind turbines during
network unbalance i.e., power, torque, or stator current oscillation
minimization, are identified. This three selectable control targets
used for compensating. Simulation confirms the effectiveness
and robustness of the proposed DPC strategy during various
operating condition. Also, in this paper presented a comparison
between two sensorless control techniques under unbalanced
network condition: sensorless algorithm and rotor current
based MRAS observer. The simulation results shows that
the performance of these sensorless methods are similar for
operation of DFIG. However, there are some small differences
between these methods. In sub synchronous speed, the
MRAS observer method is much better. But in super synchronous
and variable speed and in high voltage unbalanced the
sensorless algorithm method have better performance. In the
other words, at low speeds the use of MRAS observer and at
variable speeds the use of sensorless algorithm is suitable.
Overall, both of these sensorless control methods have
acceptable results for operation of DFIG.
Received on July 29, 2016
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