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Abstract— The dual output three-level converter is now 

important for several applications namely dual motor drives. 

The recent dual output nine-switch multilevel three-phase 

inverter, based on the NPC-Type structure, has been studied in 

open loop at nominal conditions, without closed loop control. 

Moreover, the dual output nine-switch multilevel inverter may 

present issues related to load currents control and to the 

unbalance of two series capacitor voltages in the dc-link. Thus, 

in this research work the model predictive controller (MPC) is 

proposed for closed loop current control, as well as for 

mitigation of the capacitor voltages imbalance. The MPC 

approach allows the minimization of a cost functional weighing 

two criteria, the tracking errors of the three-phase AC currents 

of each inverter output, as well as the two capacitors voltage 

imbalance. Several simulations showing the performance of the 

proposed control strategy are presented and discussed. 

Keywords— Dual output inverter, nine-switch inverter, NPC-

Type converter; multilevel inverter; model predictive control 

(MPC). 

I. INTRODUCTION 

In the last years the evolution of the power electronics 
converters topologies has been mainly focused on reducing 
the number of active and passive components, allowing a 
reduction of the converter cost and volume. The multilevel 
inverter is an example of these improvements, while showing 
also several advantages when compared with the classical 
two-level topologies, namely in terms of quality of output 
voltage waveforms and the reduction of harmonic content 
[1,2]. Accordingly, the use of multilevel inverters has been 
extended to many industrial applications, such as AC motor 
drives, storage systems, renewable energy sources, active 
power filters, and High Voltage DC transmission among 
others [3-5]. 

The most cited multilevel inverter structures, for the 
aforementioned applications, have been the clamped neutral 
point inverter (NPC), the cascaded H-bridge inverter (CHB), 
and the flying capacitor inverter [6-8]. All these topologies 
have been important for medium and low voltage applications. 
In addition to these classic topologies, many other variants 
have appeared which are advantageous for certain 
applications [9-14]. Among the various proposed multilevel 
topologies, the dual output multilevel converter deserved 
attention in this work, as it is based on the NPC-Type structure 
and uses the common switches the same way as the 9-switch 
inverter [15]. The dual output multilevel converter has a 
smaller number of diodes and switches in comparison to 
equivalent two three-level conventional inverters allowing 
high performance and reduced switching losses [16,17]. The 

industrial applications for this converter are much diversified, 
already disclosed in many published works. The most useful 
feature is the ability to have dual-output voltage, suited for 
many applications, namely in dual motor drives [18-20]. 

Regarding the control applied to this dual output 
multilevel (3 level) converter, only open loop control studies 
under nominal operating conditions were reported, where 
several modulation pulse-width modulation (PWM) strategies 
are applied [19,20]. In [19] a dual-output neutral-point 
clamped three-level inverter with a modulation strategy, 
combining the time-sharing modulation and virtual space 
vector pulse-width modulation (VSVPWM) was proposed. In 
[20] a modified discontinuous PWM scheme is proposed with 
a dual-output three-level topology to minimize the voltage 
stress across switches and improve the input current and 
output voltage quality. However, the proposed modulation 
techniques show issues related to the control of the AC 
currents, in both outputs, and also on the balance of the 
voltages in the DC capacitors. 

To solve these issues, one of the control techniques that 
have been used in power electronics converters, with good 
results, is the model predictive control (MPC) [21-25]. In fact, 
this control technique presents several advantages, such as fast 
dynamic response, simple concept, readiness for multivariable 
systems while able to deal with nonlinearities and constraints 
[26-29]. Although MPC has been demonstrated to be 
interesting and effective to control AC currents in single 
output multilevel converters, it has not been tested yet in the 
three-phase with dual output three-level converter, where a 
relatively high number of voltage vectors must be accounted 
for. Nevertheless, MPC seems to be an interesting solution to 
be developed and applied to the dual output three-level 
converter. The application of MPC to multilevel converter 
must consider the control of the converter AC currents and the 
DC capacitors voltage imbalance. 

In this paper, a controller for the three-phase dual output 
multilevel converter based on the MPC approach is proposed. 
The predictive controller was designed to consider the 
different variables that need to be controlled in the three-phase 
dual output multilevel converter specific topology. Thus, a 
MPC is derived to control not only the converters AC currents 
but also the DC capacitors voltage imbalance. To check the 
performance of the control systems used, various simulation 
tests in stationary and transient states are presented and 
discussed. 
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II. MODEL OF THE DUAL-OUTPUT NPC-TYPE CONVERTER 

The configuration of the dual output three-level NPC-
Type inverter used in this work is presented in Fig. 1. This 
topology is based on the conventional three-level structure and 
9-switch inverter [12]. This three-level structure allows a dual 
output three-level inverter by using the common switches in 
the same way as the 9 switch inverter, reducing volume and 
cost. 
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Fig. 1. Circuit of the dual output three-level NPC-Type converter. 

From the analysis of the dual output three-level inverter, 
assuming ideal switches (power semiconductors), the state of 
each active switch can be represented using a binary variable, 
being the switch state defined as follows: 

1 ,

0 ,

ij ij

ij ij

d if S is ON

d if S is OFF

=


=  

(1) 

where i=A,B,C and j=1..7. 

The voltages between the upper and lower AC terminals 
of the inverter and the middle point of the capacitors can also 
be described as functions of the switches states (2). 

( )( )

( ) ( )

0 1 2 3 4 5 2 6

0 1 2 3 4 5 4 7

1 1
2

1 1
2

DC

Ui i i i i i i i
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Li i i i i i i i

V
v d d d d d d d

V
v d d d d d d d


= + − −


 = + − −
  

(2) 

In accordance with the previous relationship, the following 
switching functions will be defined: 

( )( )

( ) ( )

1 2 3 4 5 2 6

1 2 3 4 5 4 7

1 1

2

1 1

2

i i i i i i i

Ui

i i i i i i i

Li

d d d d d d d

d d d d d d d





+ − −
=




+ − − =


 (3) 

The previous equations allow the following mathematical 
model of the voltages applied to the load: 
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(4) 

Converting the previous equation from real coordinates 

abc to  coordinates, equation (5) is obtained: 
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 (5) 

Analysing equation (5) and considering the combination 

of all the states 
ijd  of the power semiconductors, 216 different 

output voltage space vectors are obtained. Many of these 
vectors are redundant from the point of view of the load 
voltages. 

 

III. MODEL PREDICTIVE CONTROL OF THE DUAL-OUTPUT 

NPC-TYPE CONVERTER 

The generic predictive control diagram depicted in fig. 2 
is used for the dual output three-level inverter. The proposed 
control technique uses the converter voltages, defined in the 
last section, to predict the future behavior of the AC currents 
and DC capacitor voltages. In MPC the actual values of the 
AC load current, the capacitors voltages, and the input 
currents are measured in the t(h) instant. Based on these 
values, the AC load currents, and the voltages of the capacitors 
can be predicted in the t(h+1) instant. The sequence of the 
optimal voltage vector selection is calculated by minimizing a 
defined cost functional, the minimization giving the optimal 
switching state, which then ensures the minimum value for the 
function of the errors between references and their predicted 
values. The whole process is repeated for each sampling 
instant, considering new acquired data. 

From the previous criteria and the control scheme shown 
in Fig. 2, the AC load currents, ijk (k=A,B,C), of each dual 

outputs, j, (j{U, L}) at the th+1 instant, can be predicted 
according the discrete-time approach (6). 

( 1) 1 ( ) ( )o S

jk S jk

o o

R T
i h T i h v h

L L

 
+ = − + 

 

 (6) 

where ( )jki h  is the AC load currents measured and ( 1)jki h +  

is the AC currents to be predicted for the next (h+1) sampling 
interval, TS is the sampling time. 
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Fig. 2. Circuit of the dual output three-level NPC-Type converter. 

The discrete time equations for the capacitors (C1 and C2) 
voltages, using the MPC theory, are obtained according to the 
expression (7) and (8). 

1 1 1

1

1
( 1) ( ) ( )C C C Sv h v h i h T

C
+ = +

 
(7) 

2 2 2

2

1
( 1) ( ) ( )C C C Sv h v h i h T

C
+ = +

 
(8) 

where the currents 
1( )Ci h  and 

2 ( )Ci h  depend on the 

switching states of the dual output NPC-Type inverter and the 
value of the AC output currents, according to expression (9) 
and (10): 




1 1 6

11 1 2 6 7 11 12

( ) ( ) ( ) ( )C i U i A UA B UB

C UC A A LA B B LB C C LC

i h i h i h i h d i d i

d i d d i d d i d d i

= − = − + +

+ + +
 

(9) 




2 3 8

13 2 3 8 7 13 12

( ) ( ) ( ) ( )C i L i A LA B LB

C LC A A UA B B UB C C UC

i h i h i h i h d i d i

d i d d i d d i d d i

= + = − + +

+ + +
 

(10) 

where ( )ii h  is the current from the DC source and ( )Ui h , 

( )Li h  are the currents in the upper and lower sides of the 

converter DC buses, respectively. 

To compensate the computational time for the evaluation 
control algorithm, delay compensation techniques have been 
introduced. This compensation technique consists of using for 
the predictive control method the future current at t(h+2) 
instant. 

Thus, the AC load future currents are acquired by time-
shifting the model (6) one step forward as: 

 

( 2) 1 ( 1) ( 1)o S

jk S jk

o o

R T
i h T i h v h

L L

 
+ = − + + + 

    

(11) 

Employing the delay compensation technique, for the 
capacitors voltages, in (7) and (8), the future of the capacitors 
voltages at the instant (h+2) is obtained as follows: 

1 1 1

1

1
( 2) ( 1) ( 1)C C C Sv h v h i h T

C
+ = + + +

 

(12) 

2 2 2

2

1
( 2) ( 1) ( 1)C C C Sv h v h i h T

C
+ = + + +

 

(13) 

The main goal of the MPC must be the minimization of 
the AC load currents errors, the DC bus voltage error and also 
the imbalance of the capacitors voltage (or the neutral-point 
voltage), using a suitable cost function for each tracking error. 
Therefore, the proposed MPC cost functional is actually 
comprised of two weighted cost terms, one for the output 
currents another for the capacitors voltage imbalance. For the 
AC load currents, the cost function is defined as: 

( ) ( ) ( ) ( )* *2 2 2 2ji j j j jg i h i h i h i h   = + − + + + − +
 

(14) 

where ( ) ( )* *1 , 1j ji h i h + + are respectively, the real and 

imaginary parts, of the output currents references and 

( ) ( )2 , 2j ji h i h + + are respectively, the real and imaginary 

parts, of the output currents predicted. Similarly, the cost 
function of the capacitors voltages imbalance can be defined 
as: 

( ) ( )1 22 2vc C Cg v h v h= + − +
 

(15) 

where ( ) ( )1 21 , 1C Cv h v h+ +  are the predicted voltages of the 

C1 an C2, capacitors. The proposed cost functional for the dual 
output three-level inverter MPC control, is given as: 

ji ji vc vcg g g = +  (16) 

where ,ji vc   are the weighting factors for the output current 

cost function, and for the imbalance capacitor voltages cost 
function, respectively. 

To describe the calculation process, used for the control 
algorithm implemented, a flow chart is presented in Fig. 3. In 
this graphic representation, the whole process of selection of 
the optimal switching states is detailed. 

 

IV. SIMULATION RESULTS 

To evaluate the performance of the purpose dual output 
NPC-Type three-phase inverter with the adopted optimal 
predictive control, several simulation tests have been made 
with detailed simulation models, implemented in 
MATLAB/Simulink and using the SimPowerSystems library. In 
Table I all the parameters used in the simulation tests are 
shown. 
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Fig. 3. Flow chart of the MPC for the NPC-Type Inverter 

TABLE I. PARAMETERS OF THE SYSTEM 

Input DC voltage 200 V 

Capacitors C1 and C2 470 µF 

Load resistor per phase 0.1 Ω 

Load inductor per phase 5 mH 

The simulation tests for the proposed MPC were 
performed first in steady-state conditions and then in transient 
conditions, under distinct system requirements. Considering 
the system working in steady-state conditions. Figs. 4 and 5 
show, respectively, the dual output three-phase AC load 
currents, when the reference peak current is equal to 30 A, and 
the output AC voltages applied between phase A and B of 
upper and lower loads. 

From the results presented in Fig.4 it is seen that the AC 
currents are balanced with a low distortion. Moreover, it is 
possible to see that the currents in both outputs are matched, 
as required. The five line-to-line voltage levels can be seen in 
results from Fig. 5, in steady-state conditions. This allows to 
confirm the multilevel operation of this dual output converter. 
Another important aspect is the balance of the DC capacitors. 

This can be seen in Fig. 6 where the voltage at the terminals 
of capacitors, C1 and C2 is presented. From this result, it is 
possible to verify that these voltages are close to the same 
value, the measured imbalance between the two capacitors 
being smaller than 0.05%. 

 

a) 

 

b) 

Fig. 4. Simulation results of the AC current waveforms of the dual-output 

NPC-Type, in steady-state condition: a) in upper output; b) in lower 

output. 

 

a) 

 

b) 

Fig. 5. Simulation results of the AC voltage waveforms (between A and B 

phase) of the dual-output NPC-Type converter in steady-state 

condition: a) in upper output; b) in lower output. 
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Fig. 6. Results of capacitors C1 and C2 voltage, in steady-state condition. 

Next figures include detailed simulation results, showing 
different dynamic conditions based on current references 
transitions. To show the dynamic behavior of the proposed 
MPC controller for the three-phase dual output multilevel 
converter the current and frequency references were initially 
set to a 30 A and 50Hz, respectively, for both upper and lower 
outputs. From t=0.14s up to t=0.2s the relationship of current 
and frequency of the upper output is suddenly decreased by 
40% of the initial values 30 A and 50 Hz to become 18A at 
30Hz. The same variation was also applied at t=0.2s, this time 
for the reference of the lower output currents whose references 
also become 18A at 30Hz. Fig. 7, shows the behavior of the 
three-phase dual output currents. As expected theoretically, 
the currents follow the respective references, presenting low 
distortion and maintaining balanced currents. 

 
a) 

 

b) 

Fig. 7. Simulation results of the AC current waveforms of the dual-output 

NPC-Type, in transient conditions conditions: a) in upper output; b) in 

lower output. 

 

Fig. 8. Results of capacitors C1 and C2 voltage, in transient condition. 

The balance of the DC capacitor voltages was again 
verified. These voltages (terminals of capacitors, C1 and C2) 
can be seen in Fig. 8 for the same reference steps (t=0.14s and 
t=2s). From this result it is verified that the capacitors voltages 
will remain stable and close to the reference values after small 
disturbances to the fast changing currents. The disturbances 
are less than 5% showing the capability of the MPC controller 
to also maintain the capacitor voltages at the defined 
references, even if the two sets of currents have distinct peak 
values. These previous results also show that the dynamic 
response of the controllers is in accordance with the MPC 
approach. 

V. CONCLUSIONS 

This paper presented a predictive control system applied 
to a dual-output NPC-Type three-phase three-level converter. 
The closed loop control system was derived from using MPC 
methodology with delay compensation. The MPC was 
developed with the purpose to independently control not only 
the AC currents of the dual-output converter two loads, but 
also to maintain the balance of the DC capacitor voltages. The 
proposed control strategy allowed to obtain a fast dynamic 
response, for AC load current control and robust control of the 
DC capacitor voltages of the dual converter. To design the 
MPC controller a cost functional of the errors between the 
reference and the predicted control variables was evaluated, 
resulting in the weighted sum of two partial cost functions. 
Simulation results show that the control method enforces AC 
currents towards their specific set point values. The proposed 
predictive controller also ensures the voltage balancing of the 
inverter DC capacitors. The results obtained in steady-state 
and transient conditions confirm the expected performance of 
the proposed control method. 
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