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Model Predictive Control Strategy of Grid-tied
Converter control in Weak-Grid conditions for

Containerized Microgrid (CMG) Systems

Abstract—This paper aims to present a novel approach to
design a model predictive controller (MPC) strategy for 3-
phase 2-level grid connected inverters in weak-grid conditions
particularly for renewable based system with solar and battery
energy storage. The proposed control strategy uses a predictive
current control methodology to control the decoupled grid
currents by predicting the switching states of the devices, which
in turn control the power fed to grid while discharging and
vice-versa. The MPC essentially a variable switching modulation
strategy can excite the output filter near it’s corner frequency,
therefore resonance effect can observe and introduces lower order
harmonics in output voltage and current. This paper propose
a mitigation strategy for the resonance effect in LCL filter.
The proposed active damping strategy doesn’t compromise the
dynamic performance of the power control of grid-tied inverters.

Index Terms—microgrids, renewable energy resources, model
predictive control.

I. INTRODUCTION

In recent few years, the model predictive control (MPC)
algorithms have been widely implemented in several modified
forms in many industrial applications. Using predictive control
method it is possible to avoid the cascaded structure which
is typically used in a linear control scheme, also it is best
suited when the requirement is to obtain very fast transient
responses. The Finite Control Set (FCS)-MPC has a natural
and effective algorithm for controlling power converters, with-
out implementing PI controllers and modulators [1].

For using particularly in renewable based systems MPC can
be a potential option for fast and efficient dynamic control
of power and frequency over different kinds of system distur-
bances and load fluctuations in weak-grid conditions, which is
usually encountered in remote areas. Model predictive control
can handle multiple-input multiple-output (MIMO) systems
easily, non-linearities in the system can be easily handled, also
it allows imposition of constraints on the system.

The MPC has been successfully applied for controlling
power converters in different types of power converters in
past. In [2], the MPC was applied to the low voltage ride-
through (LVRT) of photovoltaic (PV) power plants to improve
the transient stability of PV power plants. In [3], a optimized
FCS-MPC strategy for controlling a nine-level CSC converter
has been proposed, a control strategy for reduction of grid

current THD and voltages of DC-link capacitors is realized.
In [4], a FCS-MPC control strategy using extended voltage
vectors for 2-level three phase grid connected converters have
been proposed, it uses simplified MPC strategy and multiple
extended voltage vectors to reduce ripple in grid current. In
[5], authors have followed a modified model predictive con-
trol approach to control highly-efficient and reliable inverter
concept (HERIC) inverters used in photovoltaic applications,
a reduction is THD is also possible due to an increase in
number of switching states using virtual vectors. In [6], the
authors have used FCS-MPC for complex energy systems for
large scale wind power power systems. In [7], authors have
presented a constant frequency FCS-MPC strategy to control
the quality of output current in a grid-tied photovoltaic inverter.

In this work, a model predictive control strategy for weak-
grid systems is proposed, this strategy includes synchroniza-
tion algorithm as well as active damping strategy that is essen-
tial for grid/off grid inverter control framework. This control
framework can also be used for a standalone system without
changing the MPC core structure. The control algorithm work
satisfactorily for higher renewable penetration and low X/R
grid systems. The proposed MPC framework is simplified to
utilize DC Bus maximum, which also allows us more reactive
power handling capability without affecting the dynamics of
the system performance.

II. SYSTEM CONTROL ARCHITECTURE FOR PROPOSED
MODEL PREDICTIVE CONTROL ALGORITHM

The controller is designed in a cascaded way with the
current reference calculation blocks providing references to
MPC algorithm. In a grid-tied inverter synchronization of
inverter with grid is necessary before closing the grid breaker.
The fast synchronisation is essential for plug and play power
architecture. The transient in synchronisation process may lead
to reverse power flow from grid to DC Source and may lead
to over-voltage on DC side or trip the overall system for some
renewable resource. Here, a separate synchronization block
is used for achieving synchronization as including synchro-
nization algorithm in MPC block may lead to instability of
system and increase the complexity of control framework.
For synchronization purpose inverter use sensed grid voltage
and capacitor voltage in stationary reference frame. The cross



Fig. 1: Schematic used for validation of proposed control strategy

Fig. 2: Proposed cascaded structure control framework

product of the two voltages will generate the Iqsynch
and a

PI controller from their magnitude error component can give
Idsynch

as shown in (1a) and (1b). A 3-ϕ PLL is also used for

the grid voltage phase and frequency measurement purpose.

Idsynch
= K ·

(
Kp · (Eg − Ei) +Ki

∫
(Eg − Ei)

)
(1a)

Iqsynch
= K ·

(
Vgα ⊗ Viβ + Viα ⊗ Vgβ

)
(1b)



where,

Eg =
√
V 2
gα + V 2

gβ
and Ei =

√
V 2
iα

+ V 2
iβ

After synchronization the controller use current references
Idref

and Iqref respectively which are generated from PI
controllers as given in (2a) and (2b). A pair of PI controller
has been used to generate Idref

and Iqref ,

Idref
=

2

3
· 1√

V 2
gα + V 2

gβ

·
(
Kp ·∆P +Ki

∫
∆P

)
(2a)

Iqref =
2

3
· 1√

V 2
gα + V 2

gβ

·
(
Kp ·∆Q+Ki

∫
∆Q

)
(2b)

where ∆P = Pref − Pactual and ∆Q = Qref −Qactual.
where Pactual and Qactual are given by,

Pactual = Vgd Igd + Vgq Igq (3a)
Qactual = Vgd Igq − Vgq Igd (3b)

Power reference Pref for standalone mode of operation can
be calculated as,

Pref = Kd · (Vgαβ
⊗ U) ·

(
k

s+ k

)
(4)

III. MODELLING OF PREDICTIVE CONTROL DESIGN

For current control in MPC structure, the output filter need
to model in discrete domain and can be represented by (7)
using (5) and (6). The actual state variables and current
references can be represented by (8) and (9).

Af =
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(5)

Afe = 6× 6 [I] (6)

where I is identity matrix

Afe = Afe +Af · Ts (7)

X =
(
Iiα Iiβ Igα Igβ Viα Viβ

)T
(8)

Xref =
(
Idref

Iqref 0 0 0 0
)T

(9)

The feedback gain for the MPC controller can be formulated
by (10) after simplification.

Kd = Afe ·
(
L/Ts 0 0 0 0 0
0 L/Ts 0 0 0 0

)
(10)

The voltage vector to track the current references can cal-
culated using (11) and corresponding error for each selected
voltage vector can be calculated from (12a). The modulus of
voltage error can be calculated by (12b).

Vopt = Kd · (Xref −X) (11)

Xe = Vopt −M ·D · U (12a)

error = Xe ·Xe
T (12b)

where,

D =
2

3
·
(
1 − 1

2 − 1
2

0
√
3
2 −

√
3
2

)
(13)

M =

(
cosθ sinθ
−sinθ cosθ

)
(14)

IV. ACTIVE DAMPING STRATEGY FOR LCL FILTERS FOR
GRID-TIED INVERTERS

To filter out the switching frequency harmonics from power
line generally we use the filter with the corner frequency in
the range of 1/10th of the average switching frequency of
the inverter. For a 10kHz inverter with MPC the switching
frequency can be as low as near the corner frequency of
the filter, for our case we observe it’s reaches near 1kHz.
So the variable switching frequency modulation strategy like
MPC architecture, inverter filter can be excited by the PWM
switching. For damping the resonance from the power circuit
the most simple method is passive damping by using resistive
component in the circuit. But the passive method is lossy and
can not be used for high power application[8]. Key idea of
active damping is to remove resonance effect from inverter
output voltage and current by using the inverter controller
without resistive elements. Here in the proposed active damp-
ing strategy we use the sensed capacitor voltage and inverter
current input as feedback for the damping loop. From voltage
and power information we filter out the harmonic components.
For weak-grid conditions usually the power control is realized
by controlling the Id and Iq component of the grid current as
compared to conventional power control strategy where only
Id is controlled to realize power control as given in (15). The
references from active damping algorithm in (17a) and (17b
are added to current references from PI controllers to produce
actual current references given as (2a) and (2b).

Idqf =

(
s

s+ a

)
Iinvdq

Vdqf =

(
1

1 + b

)
Iinvdq (15)

The damped power outputs signals are,

Pdamp = Vdf
Idf

+ Vqf Iqf (16a)
Qdamp = Vdf

Iqf − Vqf Idf
(16b)

Eventually, Iddamp
and Iqdamp

are calculated as,

Iddamp
=

Vid Pdamp + Viq Qdamp√
V 2
id
+ V 2

iq

(17a)

Iqdamp
=

Viq Pdamp − Vid Qdamp√
V 2
id
+ V 2

iq

(17b)

The reference signals fed to controller are,

Idqref = Idqdamp
+ Idqactual

(18)

Constants a and b used for this work are 300 and 30 respec-
tively.



V. SIMULATION RESULTS OF PROPOSED MODEL
PREDICTIVE CONTROL

For this work we have used a battery fed 3-phase 2-level
VSI connected to grid through a LCL filter and breaker.
For cHIL validation, OP4510 real time simulator, powered
by Kintex-7 FPGA kit from OPAL-RT has been used for
real time simulations. The plant is modelling in done in
Simulink environment using 3-phase VSI block from RTE
Drive blockset, which uses FPGA. For PWM generation
purpose, event generator and detector blocks from RT Events
blockset which support generation and acquisition of accu-
rately time-stamped signals. The MPC controller is modelled
in Simulink environment using a MATLAB function block.
The model parameters used for the real-time simulation are
tabulated in Table I. The schematic of experimental setup used
for this study has been represented in Fig. 1. Initially the model
and MPC controller are validated in offline simulation and then
validated in cHIL(controller-hardware-in-loop). The results of
simulation with active damping strategy are plotted in Fig. 6
and Fig. 7.

(a)

(b)

Fig. 3: Grid/Inverter Voltage and Current after enabling grid-
synchronization command

The results show that the MPC control framework can syn-
chronize within short time with the grid after synchronization
command is enabled. After inverter is synchronized with the
grid, and power setpoint can be given, it is evident from results
that proposed predictive control achieves the referenced power
setpoints within short time with a negligible over-shoot. The
active damping strategy works satisfactorily with the predictive
control to eliminate the low order harmonics present as a result
of resonance at corner frequency in the LCL filter. This is
also demonstrated through results in Fig. 7 and Fig. 8. The
sampling time used for this real-time simulation is 10µs. The
average switching frequency for the controller reaches near

10kHz during simulation. For this work no dead time has been
used for switching devices.

Electrical Parameters Value

Rated Power 10 kW

LCL Filter Inductance(L1) 3mH

LCL Filter Resistance(R1) 0.5Ω

LCL Filter Inductance(L2) 0.01mH

LCL Filter Resistance(R2) 0.1mH

Filter Capacitance(C1) 10 µF
Grid Side Inductance(Lg) 1mH

Grid Side Resistance(Rg) 0.1Ω

Switching Frequency 10 kHz

Sampling Time(Ts) 10 µs

TABLE I: Model parameters used for the cHIL simulation

Fig. 4: Real and Reactive Power characteristics without active-
damping strategy for different power setpoints

Fig. 5: Real and Reactive Power characteristics with active-
damping strategy for different power setpoints

When a power command is given to controller after synchro-
nization, the controller tries to stabilize at setpoint after small
transient as shown in Fig. 6, without the presence of active
damping strategy the controller follows the reference but due
to the presence of harmonics the THD is high in output current
which can be seen in Fig. 7.

After the controller stabilizes at previous setpoint, another
setpoint of P = 7.5 kW and Q = −1 kVAr is given to
controller. The transient results with active damping in Fig.
8 show better dynamic performance and lower THD than the
results without damping in Fig. 7.



Fig. 6: Grid Current characteristics for step change from 0kW
to P = 5kW and Q = −2 kVAr

Fig. 7: Grid Current characteristics for step change from P =
5kW and Q = −2 kVAr to P = 7.5kW and Q = −1 kVAr
without active damping strategy

Fig. 8: Grid Current characteristics for step change from P =
5kW and Q = −2 kVAr to P = 5kW and Q = −1 kVAr
with active damping strategy

VI. CONCLUSION

The results from simulation show that MPC for grid tied
converters in weak grid conditions works satisfactorily with
active damping strategy. The controller follows the real and
reactive power command quickly without any significant dis-
turbance in the system. Initially the power setpoint is given as
P = 5kW and Q = −2 kVAr, after the power stabilizes at
given setpoint, the power command is changed to P = 7.5 kW
and Q = −1 kVAr. Moreover from FFT analysis results it
can be proved that the THD of grid current by using active
damping reduces from 8.22% to 2.5%, which is within the
limits given by IEEE 519-2014[9]. The proposed controller
uses a novel approach to realize MPC controller for grid-tied

inverters specially in weak grid conditions with active damping
strategy to mitigate the effect of resonance in LCL filters.
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