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Model-Free Predictive Current Control of DFIG
Based on an Extended State Observer Under

Unbalanced and Distorted Grid
Yongchang Zhang , Senior Member, IEEE, Tao Jiang, and Jian Jiao

Abstract—The traditional method of controlling a doubly fed
induction generator based on a mathematical model has poor
control performance when the motor parameters are inaccurate. To
solve this problem, this article proposes a new model-free predictive
current control (MFPCC) scheme. In the proposed method, an
ultralocal model is used to replace the mathematical model of the
motor, and an extended state observer (ESO) is used to estimate the
value of the disturbance to improve the control performance. Since
only the measured stator voltage and current values are required
in the final control expression, the control system achieves good
parameter robustness. In addition to superior control performance
when the parameters are inaccurate, the proposed method also has
good steady state and dynamic performance when the parameters
are accurate. The proposed MFPCC scheme based on an ESO
is extended to an unbalanced and distorted grid by modifying
the stator current reference. The presented experimental results
confirm the effectiveness of the proposed method.

Index Terms—Predictive control, doubly fed induction generator
(DFIG), model-free, observer, nonideal grid.

I. INTRODUCTION

W ITH the continuous development of the economy, in-
dustrial applications based on new and clean energy

sources have become increasingly valuable. As a renewable
energy source, wind power is developing rapidly. Due to its
outstanding advantages, including power decoupling control,
maximum wind power capture ability, and relatively low cost,
the doubly fed induction generator (DFIG) is employed on a
large scale in wind power generation. Thus, control methods
for the DFIG have been a research focus in both academic and
industrial communities. Recently, research on brushless doubly
fed induction machines (BDFMs) has received an increasing
amount of attention [1]. Compared with those of the DFIG, the
power winding and control winding of the BDFM are indirectly
coupled through the rotor winding, eliminating the slip ring or
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the brush; its structure is more complicated and control is more
difficult, but its basic principle is similar to that of the DFIG.

As a control method for a DFIG, vector control [2] can
obtain good steady-state performance, but it is necessary to
design appropriate proportional-integral (PI) parameters, and the
dynamic performance is not ideal. Direct power control (DPC)
[3] is simple, and the dynamic performance is good; however,
this approach produces a high-power ripple at steady state. The
improved method of DPC based on space vector modulation
(DPC-SVM) [4] can achieve deadbeat control over the power,
but the method is more complicated. Model predictive control
(MPC) [5] can achieve both steady state and dynamic perfor-
mance simultaneously, but requires many motor parameters and
involves considerable calculation.

In practical applications, the system is affected by internal and
external disturbances. Assuming that the sensor measurement is
accurate, the internal disturbance of the doubly fed motor is
mainly due to a parameter change or a parameter mismatch.
For example, the stator/rotor resistance may change due to
temperature variation, and the mutual inductance of a DFIG
may become saturated due to a large conducting current under
a sudden grid change. External disturbances mainly include
changes in the grid voltage, including imbalance, distortion, and
frequency changes. When disturbances occur, the performance
of conventional control methods may deteriorate significantly if
the disturbance is not taken into consideration.

For internal disturbances, to improve the parameter robustness
of a control method, researchers have proposed a variety of solu-
tions, and these solutions can be classified into three categories.

The methods in the first category solve the problem of param-
eter robustness based on online parameter identification. For
example, in [6], a recursive least squares method is employed
to estimate the parameters of a DFIG online when the motor
parameters change.

The robust control methods in the second category are based
on a disturbance observer or an extended state observer (ESO),
and one of the most popular methods is active disturbance
rejection control (ADRC). In [7], a disturbance observer was
added to the control loop of a continuous time prediction control
method. With this method, when the motor parameters change
or an external disturbance occurs, the motor can still maintain
good control performance. In [8], MPC based on an ESO is
applied to a permanent magnet synchronous motor (PMSM).
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However, it presents variable switching frequency, and only
simulation results are presented. For a standalone DFIG, Guo
et al. [9] proposed direct voltage control based on nonsingular
terminal sliding mode control and an improved ESO, which
has good control performance, but more parameters need to
be designed. In [10] and [11], ADRC is applied to a DFIG
to suppress the disturbance of motor parameters. However, as
the rotor current reference value is calculated using the mutual
inductance, it has limited ability to suppress the influence of
mutual inductance changes. Furthermore, it considers only ideal
grid voltage conditions.

Recently, model-free control schemes have been proposed
in the literature to solve the problem of parameter robustness.
In [12], the researchers proposed a model-free control scheme
based on a current difference for PMSMs. However, this method
requires a high sampling frequency to achieve satisfactory per-
formance. When two or more adjacent control periods apply
the same voltage vector, the update of the current difference
is affected, which results in a poor control performance. An
ultralocal model combined with proportional-integral-derivative
control technology was proposed in [13]. This method achieves
good control performance for both linear and nonlinear systems
and has good parameter robustness. Recently, the application of
the model-free control introduced in [13] was extended to power
electronic drives, as shown in [14] for a PMSM drive.

For external disturbances, the research works in[15]–[20]
proposed control methods for suppressing the current harmonics
under unbalanced and/or distorted grid conditions. In [15], a
repetitive controller is added to the current loop to eliminate
6n± 1-order harmonics in the stator current. Because the motor
parameters are used in the calculation of the rotor current refer-
ence value, its control performance will be affected by changes
in the motor parameters. In [16], a nonlinear backstepping
algorithm is proposed to suppress current harmonics. In [17], the
conventional power theory is replaced by extended power theory
to achieve sinusoidal stator currents, even under an unbalanced
network. However, these methods are still parameter-dependent.
Sliding-mode DPC (SM-DPC) [18], [19] and H-infinity con-
trol [20] have also been proposed in the literature to eliminate
the effects of parameter perturbations and external voltage per-
turbations. However, the control complexity is also increased,
and much tuning work is required.

To the best of the authors’ knowledge, the power control of
a DFIG based on model-free control has not yet been reported
in the literature. For the first time, this article introduces the
concept of model-free control to the power control of a DFIG to
solve the problem of machine parameter dependence. The rotor
reference voltage vector is subsequently calculated based on the
principle of deadbeat current control and then synthesized by
SVM. Furthermore, model-free control under an unbalanced and
distorted network is also investigated to achieve sinusoidal stator
currents while satisfying the requirements of power control.

The structure of this article is as follows. Section I introduces
the background of the research. Section II mainly introduces
the mathematical model of the doubly fed machine. Section III
introduces the principle of the proposed method in detail and
proves its validity in theory. Section IV presents the control

method under an unbalanced and distorted grid. Section V
presents experimental results that verify the effectiveness of
the proposed method. Section VI presents the summary of the
article.

II. DYNAMIC EQUATIONS OF A DFIG

Because the output voltage of a two-level inverter is directly
applied to the rotor side of a DFIG, the mathematical model of
a DFIG in the rotor reference frame is concise and practical and
can be expressed as [21]

us = Rsis +
dψs

dt
+ jωrψs (1)

ur = Rrir +
dψr

dt
(2)

ψs = Lsis + Lmir (3)

ψr = Lmis + Lrir (4)

where us, ur, is, ir, ψs, and ψr are the stator voltage vector,
rotor voltage vector, stator current vector, rotor current vector,
stator flux vector, and rotor flux vector, respectively; Rs, Rr,
Ls, Lr, and Lm are the stator resistance, rotor resistance, stator
inductance, rotor inductance, and mutual inductance, respec-
tively, ωr is the electrical rotor speed, and all variables have
been converted to the stator side.

According to the principle of DPC-SVM [17], the rotor ref-
erence voltage can be obtained as

uref
r =

2(S − Sref)∗

3λLmTscu∗
s

− λLrRs + jωsl

λLm
is

− jLrωr

Lm
ψs +

Lr

Lm
us +Rrir (5)

ωsl = ωs − ωr (6)

S = P + jQ =
3

2
i∗sus (7)

where λ = 1/(LsLr − L2
m), S, P , and Q are the stator-side

complex power, active power, and reactive power, respectively,
j is the imaginary unit, ωs is the stator-side voltage angular
frequency, Tsc is the sampling period, and the superscripts ∗ and
ref indicate conjugate complex numbers and reference values,
respectively.

The parameter dependence of (5) is analyzed as follows.
Under normal conditions, the mutual inductance is much big-
ger than the leakage inductance of the stator and rotor, which
means Lm � Lls, Lm � Llr, and Lm ≈ Lr ≈ Ls. Hence, the
expression of λLm can be approximated as

λLm =
Lm

LsLr − L2
m

=
Lm

(Lls + Lm)(Llr + Lm)− L2
m

≈ 1

Lls + Llr
(8)

and (5) can be rewritten as

uref
r ≈ 2(S − Sref)∗

3Tscu∗
s

(Lls + Llr)− jωsl(Lls + Llr)is + us
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Fig. 1. Control diagram of the proposed method.

−Rsis − jωrLm(is + ir) +Rrir. (9)

It can be seen from (9) that in DPC-SVM, changes in the
stator resistance, rotor resistance, and mutual inductance will
cause changes in the rotor voltage, but the influence of the
mutual inductance is greater because it is multiplied by the rotor
speed. In this article, we compare the control performance of the
proposed method with that of DPC-SVM under the conditions of
a change in the mutual inductance parameters. The experimental
results are shown in Section V.

III. PRINCIPLE OF THE PROPOSED METHOD

To improve the control performance under the condition of
a parameter variation, this article applies an ultralocal model
of a DFIG based on an ESO to PCC. A block diagram of the
control scheme is shown in Fig. 1. The scheme mainly consists
of the following parts: one-step delay compensation, reference
calculation, MFPCC, and the ESO. The details of the proposed
method are explained in the following parts.

A. Stator Current Reference Calculation

Due to the one-step delay in the digital implementation [21],
the rotor voltage vector obtained at time k is not applied until
the next time k + 1. To eliminate this delay, the stator side
current value at time k + 2 is calculated as the stator current
reference value by the stator-side reference complex power, as
shown below

iref
s =

2

3

(
Sref

uk+2
s

)∗
(10)

uk+2
s = uk

s (1 + j2 (ωs − ωr)Tsc) (11)

where the stator is directly connected to an ideal grid, and us is
equal to the grid voltage.

B. Principle of MFPCC Based on an Ultralocal Model

For a system, according to [13], [22], a change in its input and
output can be approximated as a finite-dimensional differential
equation, specifically expressed as

E
(
t, y, y(1), . . . , y(n), u, u(1), . . . , u(m)

)
= 0 (12)

where y and u are the system output and input, respectively,
E is an unknown but derivable function at most points, and the
superscripts (n) and (m) are system orders. An ultralocal model
can be used to describe the entire control system

y(n) = αu+ F (13)

where α is the coefficient of the input variable and its role is
to adjust the order of magnitude of the input quantity u to
the order of magnitude of F . It should be noted that α is a
numerical value obtained through experience, and the error and
is not precisely defined in advance. F is a variable containing
the known structure, unknowns, and some disturbances of the
system. The ultralocal model, which is updated in real time, can
be seen as an approximation of the system model, where F must
be updated in real time. F can be calculated from the estimates
of α, u, and y(n).

According to the mathematical equations of the DFIG (1)–(4),
the differential expression of the stator current can be calculated
as follows:

dis
dt

= − ur

σLm
+

(
−RsLr

σL2
m

is +
Rr

σLm
ir

+
Lr

σL2
m

us − jωrLr

σL2
m

ψs

)
(14)

where σ = LsLr−L2
m

L2
m

.
Equation (14) can be used as an expression for PCC. Combin-

ing (13) with (14), the MFPCC expression based on the ultralocal
model of the DFIG is as follows:

dis
dt

= αur + F . (15)

Comparing (14) and (15), the correspondence between PCC
and MFPCC can be obtained as⎧⎪⎪⎨
⎪⎪⎩
α = − Lm

LsLr − L2
m

F = −RsLr

σL2
m

is +
Rr

σLm
ir +

Lr

σL2
m

us − jωrLr

σL2
m

ψs.

(16)
When the parameters change, the values of α and F become
inaccurate, resulting in poor control performance. However, in
MFPCC, although α is a predesigned constant and may not be
an accurate value even when the parameters are accurate, it is
possible to maintain good control performance by adjusting F .
For example, assume that α differs from the actual value, which
can be expressed as

α1 = αref + e (17)

where α1 is the control parameter used in controller, αref is the
actual value of the system, and there is an error e between them.
Because the total disturbance of the system can be replaced by
F , including unknown and known parts, it is reasonable to treat
eur as part of the total disturbance. Then, (15) can be rewritten
as

dis
dt

= α1ur + F = αrefur + eur + F︸ ︷︷ ︸
F new

(18)
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whereF new is the new total disturbance of the system. Therefore,
a method for obtaining the total disturbance of the system is
crucial.

The works in [13] and [23] proposed a calculation method
for the system variable F , which uses the input and output
variables of the system to estimate the variable F̂ and then uses
this estimate to replace F in (13).

According to (15), by using the differential algebra method
mentioned in the literature [24], it can be found that

F̂ = − 6

L3

∫ t

t−L

((L− 2σ) is(σ) + ασ (L− σ)ur(σ)) dσ

(19)
where L = nFTsc, and nF is the number of control periods in
the integral step L. Using the gradient integral method to solve
(19), the estimated value F̂ at time k is

F̂ = − 3

n3
FTsc

nF∑
k=1

(F 1 + F 2) (20)

where
⎧⎪⎨
⎪⎩
F 1 = (nF − 2 (k − 1)) is(k − 1) + (nF − 2k) is(k)

F 2 = α (k − 1)Tsc (nF − (k − 1))ur(k − 1)

+αkTsc (nF − k)ur(k).
(21)

When the system has a sudden load, such as a step change in
the power reference value, more past information is used in the
differential algebra method due to the existence of nF , which
may cause a slow dynamic response. To compensate for this
shortcoming, this article uses an ESO to estimate this value.

C. Extended State Observer

The ESO expands the total disturbance (including the uncer-
tain system variables and external disturbances) into a new one
and feeds the total disturbance back to the controlled system so
that control method of the system observes the nonlinear part
of the model and the unknown external disturbance [25]. When
using a nonlinear error function in the ESO, although a better
control effect can be obtained, the computational complexity of
the system is increased, and more parameters must be set. Thus,
a linear ESO is used to replace the nonlinear error function with a
linear error function. For a first-order single-input single-output
system, it can be expressed as [26]

⎧⎪⎨
⎪⎩
err = z1 − y
ż1 = z2 + αu− β1err

ż2 = −β2err

(22)

where u and y are the input and output of the observer, re-
spectively, z1 and z2 are two state variables that need to be
observed, β1 and β2 are observer parameters that must be set,
and the superscript � indicates a differentiation of variables.

By combining (15) and (22) and considering the first-order
Euler dispersion, an ultralocal model of the DFIG based on an

Fig. 2. Structural diagram of the ESO in the z-domain.

ESO can be obtained⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

err(k) = îs(k)− is(k)
îs(k + 1) = îs(k) + Tsc

(
F̂ (k) + αur(k)

)
−β1Tscerr(k)

F̂ (k + 1) = F̂ (k)− β2Tscerr(k)

(23)

where the superscript ∧ indicates an estimated value of the
variable.

According to (23), by taking the current measurement value
as the input, the current estimation value as the output, and the
voltage as the disturbance term, a structural diagram of the ESO
in the z-domain can be obtained, as shown in Fig. 2. The closed-
loop transfer function of the ESO of the DFIG is

Gc(z) =
β1Tscz − β1Tsc + β2T

2
sc

(z − 1)2 + β1Tscz − β1Tsc + β2T 2
sc

. (24)

Let β11 denote β1Tsc and β22 denote β2Tsc; then, the closed-
loop characteristic equation of the system is

λ2 + (β11 − 2)λ + 1− β11 + β22Tsc = 0. (25)

β11 and β22 will affect the closed-loop pole position of
the system, thus affecting the final control performance of the
system. When the entire root of the characteristic equation of
the discrete system is distributed within the unit circle of the
z-domain, the system is stable. After parameterization, the poles
of the characteristic equation can be placed at the same position,
which simplifies the design of the ESO [27]. Therefore, (25) can
be rewritten as

(λ − β)2 = 0 (26)

where β is a common pole, also known as the discrete estimator
bandwidth, which is the only tuning parameter for the ESO.
Comparing (25) and (26), it can be obtained that

⎧⎪⎨
⎪⎩
β11 = 2 (1− β)

β22 =
β2
11

4Tsc
.

(27)

By the first-order forward difference method, the conversion
relationship between the z-domain and the s-domain is

z − 1

Tsc
= s. (28)
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Thus, β corresponds to the bandwidth ω0 in the continuous
s-domain in [26], and the relationship is

β = 1− ω0Tsc. (29)

According to [28], whenω0 is small, the tracking performance
of the observer is poor, and whenω0 is large, the noise sensitivity
will increase. Thus, a proper observer bandwidth should be
selected as a compromise between the tracking performance and
noise sensitivity. In this article, β is chosen as 0.75. According
to (27), the corresponding values of β11 and β22 are 0.5 and 625,
respectively.

After designing the parameters of the observer, taking into
account the one-step delay, the final required rotor voltage can
be obtained as

uk+1
r =

(iref
s − ik+1

s )

αTsc
− 1

α
F̂

k+1
(30)

where, according to (23), ik+1
s can also be obtained by the ESO

ik+1
s = iks + Tsc(αu

k
r + F̂

k
). (31)

It should be noted that the proposed method does not need
to measure the rotor voltage value. The predicted rotor voltage
valueuk+1

r will be stored in the memory and updated at all times.
The rotor voltage value at the current time uk

r can be obtained
directly from the memory. Finally, the reference valueuk+1

r will
be applied to the rotor side to control the entire DFIG system by
SVM.

It can be seen from (30) and (31) that the required rotor
voltage does not need any motor parameters; thus, the entire
control system has good parameter robustness. The following
experiments verify the effectiveness of the proposed method.

IV. CONTROL METHOD UNDER AN UNBALANCED AND

DISTORTED GRID

In wind power systems, wind turbines are generally located in
remote locations. Such weak grid systems may generate higher
harmonic voltages at the wind turbine terminals. Harmonics in
the grid voltage will affect the grid current, dc-bus voltage, stator
current, rotor current, power, fan torque, and so on. Therefore,
to maintain the stability of the wind power transmission system
based on the DFIG, it is necessary to study the control algorithm
under unbalanced and distorted grid conditions.

Because the three-phase system considered in this analysis
assumes a three-wire connection system, the zero sequence
component, and the third harmonic of the grid voltage can be
ignored. To ensure the generality of the proposed method, this
article considers the case of one-phase voltage dip and the fifth
and seventh harmonics in the three-phase stator voltages. There-
fore, the grid voltage contains positive, negative, and harmonic
components

ug = u+
g + u−

g + u5+
g + u5−

g + u7+
g + u7−

g

= u+
g + uelse

g (32)

where u+
g is the fundamental voltage, and uelse

g is the sum of
other negative sequences and each harmonic voltage. By using

TABLE I
SYSTEM AND CONTROL PARAMETERS

the MFPCC based on an ESO, active and reactive power are
controlled by the stator current. Thus, according to (32), (10)
can be rewritten as

iref
s =

2

3

(
Sref

u+
g + uelse

g

)∗
. (33)

It can be seen from (33) that if the DFIG is still controlled
to produce constant active and reactive power when the grid is
unbalanced and distorted, then the stator current will also present
positive, negative, and harmonic components [29]. To obtain
sinusoidal and balanced stator currents under an unbalanced and
distorted grid, the stator current reference should contain only
the positive sequence component, as shown in (34). The key
is the method by which the fundamental component of the grid
voltage is extracted. This article uses the cascaded delayed signal
cancellation [30] method to extract the fundamental component
of the stator voltages and, then, calculates the stator current
references. In this way, the proposed MFPCC method is still
applicable to unbalanced and distorted grids. This claim will be
verified by the experimental results in Section V

iref
s =

2

3

(
Sref

u+
g

)∗
. (34)

V. EXPERIMENTAL RESULTS

To confirm the effectiveness of the proposed method, exper-
imental tests are carried out on the DFIG system. The dSPACE
is used as the controller, and peripheral hardware circuits and
other parts, such as a two-level inverter, grid simulator, and
bidirectional dc power supply, are used to verify the proposed
method in the laboratory, as shown in Fig. 3. The system and
control parameters used in the experimental tests are listed in
Table I. Unless indicated, the initial rotor speed is 700 r/min.
The parameters of the ultralocal model and ESO are as follows:⎧⎪⎨

⎪⎩
α = −40

β11 = 0.5

β22 = 625.

A. Responses Under Ideal Grids

Fig. 4 shows the experimental steady-state results of the
proposed method. The active power reference value is−1000 W,
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Fig. 3. Experimental platform for the DFIG system. (a) Control and main
circuits. (b) DFIG and prime mover.

and the reactive power reference value is 0 Var. The control
performance of the method is good at steady state. Fig. 4(b) and
(c) shows the THD analysis of the current; the stator current
THD is 3.89%, and the rotor current THD is 4.31%.

Figs. 5 and 6 show the dynamic experimental results of the
proposed MFPCC using differential algebra and ESO. In Fig. 5,
the reference active power steps from 0 to −1000 W at 0.1 s.
It can be clearly seen that the MFPCC based on an ESO has a
faster response than that based on differential algebra and has
no overshoot. In Fig. 6, the rotor speed changes from 900 to
1100 r/min, where the reference active power is −750 W. The
method based on an ESO can pass the synchronous speed more
smoothly, and there are fewer rotor current harmonics and power
ripples. Thus, using an ESO to estimate the total disturbance is
more accurate in the dynamic response.

Fig. 7 shows the experimental results of the three methods
for a change in the mutual inductance parameters, where the

Fig. 4. Steady-state experimental results of MFPCC based on an ESO.
(a) Response of active/reactive powers and three-phase stator/rotor currents.
(b) Stator current THD. (c) Rotor current THD.

last channel k is the ratio between the inductance value used
in the controller and the actual value. The variation range
of the mutual inductance parameter is 50% and 150% of the
rated value. The active reference value is always −1000 W. In
Fig. 7(a), because DPC-SVM uses more motor parameters, there
are more ripples and stator current harmonics with a change in
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Fig. 5. Dynamic responses to stepped changes in the active power reference.
(a) MFPCC based on differential algebra. (b) MFPCC based on an ESO.

mutual inductance. In Fig. 7(b), because the mutual inductance
parameter is used in the calculation of the rotor current reference
value in ADRC [10], [11], its reactive power and current will
also change when the mutual inductance parameter differs from
its actual value. However, in Fig. 7(c), regardless of whether
the inductance parameter changes, the control performance of
the proposed method is constant and good, exhibiting strong
parameter robustness.

Although this article considers only a change in the induc-
tance parameters, according to the analysis in Section II, the
influence of the change in the inductance parameter is the
greatest; thus, the effectiveness of the proposed method will not
be affected when other parameters are changed individually or
simultaneously.

To further verify the parameter robustness of the proposed
method, Fig. 8 shows the experimental results at steady state cor-
responding to different α values. In Fig. 8(a), when α increases,
the current THD and power ripple become larger, but the system
is still stable and under control. However, in Fig. 8(b), when α
is reduced to −100, the control is hardly affected. Table II lists
the stator and rotor current THDs corresponding to different
α values. It can be seen that the proposed method presents
low THD of stator and rotor currents (<5%) in a wide range

Fig. 6. Dynamic responses when the rotor speed changes from subsyn-
chronous speed to supersynchronous speed. (a) MFPCC based on differential
algebra. (b) MFPCC based on ESO.

TABLE II
CURRENT THD CORRESPONDING TO DIFFERENT α VALUES

of α values, exhibiting strong robustness against the variation
in α.

B. Responses Under Unbalanced and Distorted Grids

This section uses the regenerative grid simulator in Fig. 3(a) to
set up an unbalanced and distorted grid to verify the effectiveness
of the proposed method. The phase A voltage dips to 70%
of its nominal value, and the fifth and seventh harmonics are
added to the three-phase voltage. The amplitudes of the fifth
and seventh harmonics are 7% and 5% of the fundamental
component, respectively.

From top to bottom, Fig. 9(a) presents the stator-side active
power, reactive power, three-phase stator current, rotor current,
and grid line voltageuab andubc, where the dashed line indicates
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Fig. 7. Experimental results of three control methods when the mutual in-
ductance changes. (a) Conventional DPC-SVM. (b) ADRC in [10] and [11].
(c) Proposed MFPCC based on ESO.

the corresponding reference value. Under an unbalanced and
distorted grid, if the stator current reference is directly calculated
according to (10), then the stator current will be unbalanced,
and severe distortion will occur. In Fig. 9(b), the stator current
reference is calculated according to (34), which means that the
stator current reference contains only the positive fundamental
components. As a result, it is clearly seen that the stator current
does not contain obvious low-order harmonics and that the rotor
current harmonics are also reduced to a certain extent. Fig. 10
shows the stator current THD of the two current reference

Fig. 8. Steady-state performance of the proposed MPFCC with different α
values. (a) α = −35. (b) α = −100.

Fig. 9. Steady-state performances of the proposed MFPCC based on ESO
under an unbalanced and distorted grid condition. (a) Conventional stator current
reference calculation method. (b) Proposed stator current reference calculation
method.
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Fig. 10. Stator current THD of the proposed MFPCC based on an ESO under
an unbalanced and distorted grid condition. (a) Conventional stator current
reference calculation method. (b) Proposed stator current reference calculation
method.

calculation methods. It is seen that the stator current THD is
reduced from 14.75% to 2.66% when using the proposed stator
current reference calculation method.

The actual grid frequency may deviate from its nominal
value. Fig. 11 shows the experimental results of grid frequency
changes. In Fig. 11(a), the grid frequency steps from 50 to
45 Hz at 0.25 s. In Fig. 11(b), the grid frequency steps from
50 to 55 Hz at 0.25 s. The proposed method uses grid fre-
quency information in one-step delay compensation (11). For
unbalanced and distorted grids, grid frequency fluctuations also
affect the calculation of the stator current reference. In can be
seen from Fig. 11(a) that a significant reduction in grid frequency
has a great impact on the system. The rotor current no longer
maintains sinusoidal symmetry, and there are significant stator
current harmonics and power ripples. However, when the grid
frequency suddenly increases sharply, the stator current and
power are hardly affected except that the rotor current amplitude
decreases, as shown in Fig. 11(b). To improve the performance
under grid frequency changes, a frequency-locked loop may be
added to observe the grid frequency online in the future.

Fig. 11. Experimental results of the proposed MFPCC based on an ESO under
grid frequency fluctuation. (a) Grid frequency decreasing from 50 to 45 Hz.
(b) Grid frequency increasing from 50 to 55 Hz.

VI. CONCLUSION

To solve the problem of a poor control performance in re-
sponse to parameter changes during the operation of a DFIG,
this article combines an ultralocal model with PCC and uses
an ESO to estimate the system disturbance to further improve
the control performance. The final control expression obtained
by the proposed method includes only reference values and
measured values and does not contain any motor parameters.
In addition, the proposed method is easy to implement, and only
one parameter of the ESO needs to be designed. The proposed
method is compared to the conventional DPC-SVM and ADRC.
Experiments verify that the proposed method has quite good
steady state and dynamic control performance regardless of
whether the parameters change. In addition, under unbalanced
and distorted grids, by calculating the stator current reference
from the positive sequence component of stator voltage, sinu-
soidal and balanced three-phase stator currents can be obtained
without changing the inner control loop.
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