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Abstract. The current control based on the GPC (Generalized
Predictive Control) algorithm for the power electronic converter
connected  to  the  grid  via  LCL  filter  is  developed.  A  design
process  of  the  control  structure  and  its  parameters,  and  the
results  of  simulation  are  presented.  The  current  responses  to
changes in current references and to grid failures are shown and
discussed. The algorithm works well also with unbalanced grid
voltage.  The  simplicity  and  low  sensitivity  of  the  basic
performance criteria to changes of the LCL filter parameters can
be viewed as the important benefit of the strategy developed.

Key  words.  Generalized  predictive  current  control,
grid-connected  converter,  LCL  filter,  sensitivity  to
parameter changes, simulation.

1. Introduction

The Model Predictive Control (MPC) has become popular
also  in  the  controllers  used  in  power  electronics
applications  [1]-[5].  A  special  type  of  the  MPC  is  the
Generalized Predictive Control (GPC). The GPC makes it
possible  to  work  with  long  prediction  and/or  control
horizons  [6].  An  input-variation  term  which  influences
control dynamics is also a part of the GPC. The GPC has
been recently used also in the field of the control of power
electronic converters.

The current control of the converter with L grid filter
using the Generalized Predictive Current Control (GPCC)
was developed  and tested in [7]-[9].  The power control
based  on  the  GPCC  applied  in  the  grid-connected
converter with L filter was presented in [10]. 

But,  the  simplest  L  filter  has  low  efficiency  for
suppression of current harmonics.  That is the main reason
why a more efficient LCL filter is used. 

The grid filter structure can be developed according to
an  acceptable  grid  current  spectrum  defined  by  the
IEEE 519-2014 standard in the USA and IEC/TR 61000-
3-6:2008 in Europe.

An essential  parameter  is  the rate of  the short  circuit
power  at  a  PCC  (Point  of  Common Coupling)  and  the
nominal power of the converter connected to the PCC. In
contribution [11] a possible procedure for the LCL filter
design was presented.

Nevertheless,  when  the  full  LCL  filter  topology  is
considered,  it  brings  some  difficulties  in  the  design  of

current  control  circuitry.  Different  control  and  PWM
(Pulse  Width  Modulation)  strategies  can  be  used.  Each
possible control and PWM strategy has some advantages,
but also some disadvantages and limits, [12]-[15]. Among
all methods, also the MPC theory has found its application
here [16]-[18]. 

The  presented  contribution presents  an application  of
the GPCC that has been applied in this area only rarely.
Especially,  the  GPCC  applied  for  the  grid-connected
voltage source inverter with the LCL filter was presented
in  [19]  for  the  first  time. It  was found  that  the  GPCC
strategy can be used without the need for any model-based
active damping strategy and speed and robustness against
model mismatch can be achieved with low computational
burden. 

Taking into account  previous experience in  this  area,
the  contribution  is  focused  on  using  a  rather  different
strategy of generation of the GPCC algorithm than the one
presented in [19].

The presented GPCC with short settling times is tested
for current control in a voltage converter connected to the
grid  via  LCL filter. A  design  procedure  and  results  of
simulation tests of the GPCC are presented. The presented
strategy works well even for unbalanced grid voltages. 

The paper is  organized as follows:  section 2 presents
the  block  diagram  of  a  grid-connected  converter  and
control system; section 3 sets out the equations describing
the  LCL grid  filter  between  the  converter  and  grid;
section 4  summarizes  the  basic  principles  of  the
generalized predictive current control; section 5 presents
simulation  results  for  grid-connected  converter  with  the
LCL filter, which is controlled by the GPCC strategy; and
the conclusions are summarized in the final section 6.
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Fig. 2.  Overshoot  Δhmax (%)  of current  responses  for  different
values of  λ and  c2,  N = 5. Selected combination of  λ and  c2 is
marked by small red square.

Figure 3 presents the relationship among the settling
time  tS (ms) of the current  iα (the  deviation from the set
constant  value  is  less  than  2 %) and  the  coefficients  λ
and c2 (N=5, c0=1, c1=0).

Finally,  Fig. 4  presents  the  relationship  among  the
bandwidth  fBW of  responses  of  the  current  iα and  the
coefficients λ and c2 (N = 5, c0 = 1, c1 = 0).

The values  c2 = -2.7 and  λ  = 0.3 (small red squares in
Figs. 2, 3, and 4 indicating the bandwidth  fBW = 716 Hz,
the  settling  time  tS = 1.83 ms,  and  the  overshoot
Δhmax = 3.5  %)  were selected  for  further  simulation and
investigation as a compromise between the bandwidth and
overshoot of the controlled current iα.

Fig. 3.  Settling time  tS (ms)  of  current  responses for  different
values of  λ and  c2,  N = 5. Selected combination of  λ and  c2 is
marked by small red square.

Fig. 4.  Bandwidth  fBW (Hz)  of  current  responses  for  different
values of  λ and  c2,  N  = 5. Selected combination of  λ and  c2 is
marked by small red square.

The following  expression  for  the  control  law  uα(t),
considering N=5 and the selected parameters c2 and λ, was
obtained (with the assumption that a simple ZOH circuit
with a sampling period Ts is used)

(17)

and similar one for the control signal  uβ(t). The values iα
r

are the references for the current at future sampling times.
The  sensitivity  of  the  basic  performance  criteria

(Δhmax, tS and fBW) to changes of the parameters of the LCL
filter is illustrated in TABLE II.  Except of the values of
the  performance  criteria  for  the  basic  parameters  these
values  for  deviations  of  ±25 %  from  the  nominal
parameter values are presented.

Based  on  this  table, following  results  can  be
summarized: 

1) all responses are stable for this extent of parameter
errors;

2)  the  sensitivity  of  all  the  performance  criteria  to
changes of C,  R values is much lower than to changes of
the inductances L1, L2 with their resistances R1, R2;

3) while the performance criteria Δhmax , tS are changing
for  the  better  with  the  increasing  values  of  the  LCL
parameters, the values of the bandwidth fBW become worse
for these parameter changes.

Table II. – Sensitivity of performance criteria to changes of selected
LCL filter parameters

changes of
parameters

-25% 0 +25%

L
1+

R
1

Δhmax(%) 14 3.5 0

tS (ms) 2.33 1.83 1.83

fBW (Hz) 867 716 565

L
2+

R
2

Δhmax (%) 8 3.5 0.1

tS (ms) 2 1.83 1.8

fBW (Hz) 796 716 645

C
+

R

Δhmax (%) 4 3.5 3

tS (ms) 1.83 1.83 1.83

fBW (Hz) 700 716 724

The following figures were obtained by simulation for
the  system  parameters  listed  in  TABLE  I  and  for  the
constants N = 5, c2 = -2.7 and λ = 0.3.

Figure 5 shows the responses of the grid and converter
voltages and grid currents  iL2 in both the axes  αβ of the
static  reference  frame  after  the  change  from  balanced
voltage  (115-115-115 VRMS)  to  unbalanced  one
(Vp

RMS = 90 V, Vn
RMS =25 V) in  t  = 0.06 s,  and after the

change of the reference current iL2
*

RMS = 20 A to 30 A in
t = 0.08 s.  The  generated converter  voltage  components
represent here the reference signals for the PWM module.
That is why also the presented grid current responses are
calculated  as  if  the  converter  generated  such  ideal
voltages.  It  is  obvious  that  the  responses  of  the  grid
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current  iL2 after  both  the  changes  are  attenuated  very
quickly in accordance with the data given in TABLE II.

The  following  Fig. 6  presents  the  responses  of  grid
currents iL2 in the axes αβ in detail after the changes of all
LCL parameters from the nominal ones to only 60% of
their  values  in  t  = 0.07  s,  and  after  the  change of  the
reference current iL2

*
RMS

 = 20 A to 30 A in t = 0.08 s. The
grid  voltage  vG is  permanently  unbalanced  in  this
simulation. The reference values of both the currents  in
the axes  αβ are presented as well. It is obvious  that the
actual  responses  of  the  grid  current  components  follow
their reference signals with delays about 1 ms or even less
and  without  any  serious  disturbances  that  are  quickly
damped after the mentioned changes. It indicates a good
resistance of the presented GPCC algorithm to relatively
large parameter changes of the control object.

Finally,  Fig. 7  shows  the  converter  voltage  and  grid
current  responses  in  the  α axis  within one  fundamental
period and also the frequency spectrum of this current.
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Fig. 5. Responses  of  grid  and  converter  voltages  and  grid
current iL2 in axes αβ of static reference frame after change from
balanced  voltage  (115-115-115 VRMS)  to  unbalanced  one
(Vp

RMS = 90 V, Vn
RMS = 25 V) in  t  = 0.06 s, and after change of

reference current iL2
*

RMS = 20 A to 30 A in t = 0.08 s.
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Fig. 6. Responses of grid currents iL2 in axes αβ in detail after
changes of all LCL parameters from nominal ones to only 60%
of their values in t = 0.07 s, and after change of reference current
iL2

*
RMS

 =  20  A  to  30  A  in  t  =  0.08  s.  Grid  voltage  vG is
permanently unbalanced

Contrary to the previous two figures the PWM of the
converter  voltage  was  assumed.  The  usual  type  of
modulation,  known  as  the  Space  Vector  Modulation
(SVM) was selected. The presented responses are for the
balanced grid  voltage (115-115-115 VRMS). It  is  obvious
that  the  highest  current  harmonic  magnitude (the  7th

harmonic) is 1.3 % of the magnitude of the fundamental
harmonic with frequency 50 Hz. All remaining harmonic
components up to 2 kHz are lower than 1 % (except the
11th harmonic they are even lower than 0.5 %).

It  is  appropriate  to  recall  here  that  the  sampling
frequency is only fS = 6 kHz, so the switching frequency is
fSW =  3  kHz  owing  to  the  used  SVM algorithm.  Using
other  types  of  the  PWM  somewhat  different  harmonic
spectra can be obtained.
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Fig.  7.  Converter voltage and grid current responses in  α axis
within one fundamental period and also frequency spectrum of
this current. Responses are for balanced grid voltage (115-115-
115 VRMS) and switching frequency fSW = 3 kHz (SVM algorithm
used).

6. Conclusion

The GPC based current control for the three-phase voltage
source converter connected to the grid via LCL filter was
developed, simulated, and tested. The prediction horizon
N, weight coefficient  λ, and polynomial  C(z-1), which are
the  main  parameters of the GPC control  were designed
and examined by simulations. The current responses under
different  grid  failures and  for  current  reference changes
were presented and evaluated. The algorithm works well
also with unbalanced grid voltage. The simplicity and low
sensitivity of the basic performance criteria to changes of
the  LCL  filter  parameters  can  be  also  viewed  as  an
important benefit of the strategy developed. 
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