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Abstract

This work presents an alternating sequential model predictive control (ASMPC) scheme
applied to multimodular matrix converters. The proposed strategy alternately evaluates
two control objectives: load current tracking and input reactive power minimization. The
algorithm was implemented in MATLAB/Simulink on an architecture composed of two di-
rect matrix converters in a multimodular configuration. The influence of parameter Np
on system performance was analyzed under step changes in reference current of 30 A
and 60 A. To this end, performance metrics such as THD and MSE were used, along with
a descriptive statistical analysis including the mean, standard deviation, mean absolute
deviation (MAD), and coefficient of variation (CV). Simulation results show stable perfor-
mance for variations in N, with an input current THD of 8.10% and load THD reduced to
1.00%, demonstrating improved harmonic performance compared with classical weighted
MPC approaches.

Keywords: model predictive control; matrix converter; alternating sequential control;
reactive power; multimodular converters

1. Introduction

Direct matrix converters (DMCs) enable direct AC-AC power conversion without a
DC-link stage, allowing high power density, bidirectional power flow, and controllable
input power factor [1]. Due to these characteristics, they have been widely considered for
applications in motor drives, renewable energy interfaces, and aerospace systems [2-5].
However, in medium- and high-power scenarios, single-converter implementations present
limitations related to scalability, thermal stress distribution, and fault tolerance. To ad-
dress these limitations, multimodular direct matrix converter (MMDMC) architectures
have received increasing attention, where two or more DMCs operate in parallel [6,7].
This approach improves rated power capability, reliability, and fault-tolerant operation by
redistributing the load among healthy modules [8]. Nevertheless, it increases control com-
plexity, since the control strategy must simultaneously guarantee output current tracking,
input reactive power mitigation, and stable operation under multiple admissible switching
states. Recent research on control strategies for matrix converters can be classified into four
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main approaches. The first corresponds to weighted finite-control-set model predictive
control (FCS-MPC), which is widely adopted due to its capability to handle system con-
straints and nonlinear converter behavior in real time [9,10]. However, its main limitation
lies in the sensitivity to the tuning of weighting factors, which is typically performed
empirically and depends on the operating point. A second group includes intelligent or
optimization-assisted techniques. Neural networks assist weighting-factor selection [11],
fuzzy logic adapts weights online [12], and genetic algorithms improve switching-state
selection [13]. These approaches can improve multi-objective performance but increase
computational burden and implementation complexity. A third approach corresponds
to sequential or hierarchical model predictive control (SMPC), which reduces the need
for explicit weighting-factor tuning by prioritizing control objectives [14]. Despite this
advantage, its performance depends on the predefined priority order, which may become
suboptimal when operating conditions change. Finally, alternating-sequence predictive
control approaches evaluate control objectives alternately between consecutive sampling
instants [15], thereby mitigating the bias associated with fixed priorities. Nevertheless,
the robustness of these strategies in multimodular architectures and under variations in
switching-state sets has not yet been sufficiently quantified. The literature still lacks a
structured comparative analysis of weighted, intelligent tuning, sequential, and alternating
control strategies, as well as a statistical robustness assessment for MMDMCs. This study
proposes an alternating sequential model predictive control (ASMPC) approach for output
current tracking and input reactive power minimization. Performance is evaluated using
THD, MSE, and descriptive statistics across valid switching-state sets.

2. Methods
2.1. System Description and Predictive Control Model

The topology shown in Figure 1 contains two three-phase MC modules connected to
the six-phase wind generator (SpWEG), which has two sets of three-phase windings with
isolated neutral points. Therefore, in the proposed topology, three phases of the SpWEG
are connected to one module and the other three phases are connected to the other module,
each with its respective neutral. The SpWEG is first connected to a passive Input Filter
(RLC) with a damping resistor R, to attenuate the resonance effects on the Input Filter
(IF) of the matrix converter; after the matrix converter, an inductive Output Filter (OF) is
connected. The filter outputs are then interconnected at the common connection point,
where the current provided by both modules is added to power the load. The voltages
generated by the SpWEG are denoted by the parameters u1, v1, and wy € v, for the
3 phases corresponding to the circuit of Module 1, and the parameters uj, vo, wy, and
€ vy for the other 3 phases corresponding to the Module 2 circuit. The voltages vsx where
x € {1,2}, and the currents is, where x € {1,2}, are the measurements taken at the inlet of the
IF, whose parameters are of interest for the determination of the reactive power.

The voltages v;, where x € {1,2}, and the currents i;, where x € {1,2}, are the
measurements taken at the outlet of the IF, whose parameters are of interest for the deter-
mination of the reactive power. These parameters are taken into account to be entered into
the predictive control model and instantaneous reactive power at the input is obtained.

The MC'’s input voltages are vjy,,0iyy, and vjy,, and the input currents are ijy,, Iy,
and i;y,, respectively. The output voltages of the MC with respect to the corresponding
SpWEG neutral point (111 or #13) are Upxq, UVoyp and voxc. In addition, the output currents are
loxas Loxb, and ioxc, respectively. Finally, the OF voltages, or those on the load side, are vg,, Vgb,
and vgc.
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Each MC consists of nine bidirectional switches. To avoid short circuits between the
input lines, there are only 27 feasible switching states [16]. We define three-phase voltage
and current vectors as follows:

Oixu Uoxa Uga Lixu loxa
Vix = | Uixp | »Vox = |Uoxb |/ Vg = |Ugb | ix = | tixv | rLox = |loxb |/ 1)
Oixw Uoxc Ugc Lixw Toxc

The relationship between the input and output voltages and currents of the matrix
converter is determined by its switching state matrix S. Specifically, the output voltage
vector and the input current vector are given by vy = S - v, and ij, = ST .iyx. The
switching functions and operational constraints of the S array, including the prevention of
short circuits at the input, are fully defined in [8].
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Figure 1. Topology of the proposed control scheme. Arrow colors are consistent with the measured
variables shown in the results. The red arrow indicates the sampling period T.

2.2. Discrete Predictive Model of the MMDMC

The predictive model is derived from the continuous-time equations of the IF, the
switching matrix, and the OF of the three-phase direct matrix converter. Since these
formulations are well established, only the discrete-time expressions required for predictive
control are presented [17]. The OF current for each module is predicted using forward
Euler discretization:

iox(k+1) = (1 - R{;js ) iox (k) + LT;) (Vox (k) — vg(k)) ()

T; is the sampling time, 7oy (k) and v, (k) are measured, and vy (k) is calculated for
all switching combinations in order to predict the next value of the output current and
evaluate the cost function to select the optimal solution. Since reactive power minimization
is a control objective, the IF predictive model is included. Estimating input reactive power
(Q) at the next sampling instant requires prediction of both IF current and voltage. The
corresponding discrete-time IF prediction equations are:

Vix(k 4+ 1) = a110i (k) + a12isx (k) + b110sx (k) + b1oiiy (k)

. , . 3)
isx (k+1) = ap10ix (k) + aisx (k) + ba1vsy (k) + baoiiy (k)
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Usx (k) is the measured supply voltage, and ij, (k) is calculated for each switching com-
bination from the switching matrix S. The parameters 4;; and b;; are obtained from the
discretization of the filter’s continuous-time model, as detailed in [17].

2.3. ASMPC Strategy and Algorithm Description

Conventional FCS-MPC strategies address multi-objective control using weighted
cost functions, whose tuning is typically empirical and operating-point-dependent. Se-
quential MPC (SMPC) avoids explicit weights through hierarchical evaluation, although
fixed objective priorities may introduce bias under varying operating conditions. To
overcome these limitations, the proposed alternating sequential model predictive control
(ASMPC) alternates the priority of the control objectives at consecutive sampling instants,
enabling balanced multi-objective regulation without weighting factors. In addition, a
candidate-state reduction stage (N;) is introduced to decrease the computational burden
while preserving the most relevant switching states, improving real-time feasibility for
multimodular matrix converter systems.

Let k € Ny be the sampling index, with t; = kTs and Ts the sampling period. At each
ty, ASMPC evaluates admissible switching states under two objectives: output current
tracking and input reactive power minimization. Rather than a weighted multi-objective
cost, both criteria are applied sequentially, and their evaluation order alternates with the
parity of k. The controller uses both predictive models. The Input Filter (IF) model predicts
isx and v,y to estimate and reduce future reactive power, while the Output Filter (OF) model
predicts output current to preserve tracking accuracy at the load side.

At each sampling instant k, the following sequence is executed:

1. Determination of the evaluation order
The priority order of the control objectives is determined according to the sampling
index parity
kodd: first evaluate g; then g»

k even: firstevaluate g then g1

This alternating mechanism prevents a permanent priority bias between the
control objectives.

2. Evaluation of the first control objective
One of the main objectives is the regulation of the output current of each matrix
converter module. Since the desired current delivered to the load is the sum of the
currents of both modules, the reference current for each module is defined as:

*
N ol

te= 4)
i;, denotes the reference current of module x (x € {1,2}); and i corresponds to
the load or grid current reference [8]. For control implementation, the measured
three-phase variables are transformed into the (« — ) stationary reference frame [17].
Considering the N; = 27 admissible switching states of the matrix converter, the cost
function associated with the output current control is evaluated for each state:

2
81 = (i:)kxoc - ioxlx)z + (i:xﬁ - ioxﬁ) )

where ij,, and i} p are the reference currents in the a — § plane, while i,x, and iy
correspond to the predicted output currents of module x, with x € {1,2} representing
MC1 and MC2, respectively.
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After evaluating all switching states, a reduced subset containing the N states with the
lowest values of g; is selected. This preselection stage significantly reduces the com-
putational burden of the second evaluation stage while retaining the most promising
candidate states.

3. Evaluation of the second control objective
For the N; preselected switching states, the second control objective related to reactive
power minimization is evaluated. The corresponding cost function is defined as:

9@ =[Q" - QP (k+1) (6)

where Q* is the reactive power reference and Q (k + 1) is the predicted reactive power
at the next sampling instant. In this work, the reference value is defined as Q* = 0 to
enforce unity power factor operation. The reactive power is predicted as:

Qlk+1) = vsa(k + 1)isﬁ(k+ 1) — vsﬂ(k + 1isa(k+ 1) (7)

Here, vs(k + 1) and is(k + 1) correspond to the predicted source voltage and current
components in the & — f reference frame. Thus, the cost function is written as:

82 = (staisxﬁ - stﬁisxoc)z 8)

4.  Optimal switching state selection
The optimal switching state is selected as the one that minimizes the second cost
function g, among the N; candidate states. The corresponding switching configuration
is then applied to the converter.

5. Alternating repetition
At the next sampling instant k + 1, the evaluation order between g1 and g» is reversed.
By alternating the priority between consecutive sampling instants, the proposed
ASMPC strategy distributes the control effort between both objectives over time,
reducing the bias associated with fixed-priority sequential MPC approaches.

3. Results and Discussion

The performance of the proposed ASMPC strategy applied to the MMDMC system
is evaluated by simulations performed in MATLAB/Simulink R2023b over 0.4 s, using
the electrical parameters specified in Table I of [17], and the sampling frequency is set to
40 kHz to enable direct comparison with the results reported in the cited work. The analysis
addresses the main operating conditions and the sensitivity to N».

3.1. Dynamic Performance

Figure 2a presents the average THD values of the input and output currents as a
function of the parameter N,. The results indicate that the output current THD remains
practically unchanged across the evaluated range, showing that the proposed strategy
preserves harmonic performance even when the number of candidate states is reduced.

Figure 2b shows the predicted load current (i; = 20 A) and the currents supplied by
each module (i L, =10 A), compared with their respective references. The results confirm
correct current sharing between modules, with each module contributing half of the total
load current.

To assess the dynamic response, a step change in the current reference is introduced at
t = 0.2, increasing the reference from i; = 20 A to i; = 40 A. The controller rapidly tracks

8
the new reference while maintaining stable operation and balanced current distribution.
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Reactive power minimization is activated at t = 0.1s. As shown in Figure 2¢,d,
the reactive power is effectively reduced after this instant while the current tracking
performance remains stable. These results demonstrate that the alternating evaluation
of the control objectives allows simultaneous regulation of current and reactive power

without requiring weighting factors.
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Figure 2. Dynamic performance of the proposed control strategy: (a) THD source and grid currents;
(b) output current of each module and current at the load; (c) input reactive power, generator-side
voltage and current, and output voltage for module 1; (d) input reactive power, generator-side voltage
and current, and output voltage for module 2. Red dashed rectangles indicate zoomed-in regions,
highlighting waveform behavior under increased current conditions.

3.2. Sensitivity Analysis with Respect to Np

The parameter N, determines the number of candidate switching states considered
during the second stage of the optimization process. To evaluate its influence, 27 simu-
lations were performed by varying N, under two current reference levels: Iref; = 30 A
and Iref, = 60A. Two figures of merit (FMs) were analyzed: the total harmonic dis-
tortion (THD) and the mean squared error (MSE) between the reference and predicted
currents [18,19]. Since deterministic simulations are considered, descriptive statistics were
used to evaluate system sensitivity, including the mean (p), standard deviation (¢), variance
(0?), mean absolute deviation (MAD), and coefficient of variation (CV), summarized in
Table 1.

The obtained results show low dispersion of both THD and MSE across the evaluated
conditions. The CV values remain between 4.97% and 13.56%, indicating consistent system
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performance for different N, values. Furthermore, slightly lower dispersion is observed for
the higher reference current (60 A), suggesting increased robustness under more demanding
operating conditions. These results are supported by the statistical interpretation of dis-
persion indicators. According to [20], a CV between 8% and 14% is considered acceptable,
while lower values indicate reduced variability. Similarly, [21] associates lower dispersion
with greater consistency. In this context, the obtained CV values confirm statistically stable
system behavior. This is further illustrated in Figure 3a, which shows the output THD with
respect to the normative limit, and Figure 3b, which presents the MSE variability, where
narrower bands indicate more consistent performance.

Table 1. Descriptive statistical parameters for the figures of merit: THD and MSE per phase.

THD [%] MSE
Iref; Iref, Iref; Iref,
Metric I, I, I, I, I, 1. I, I, 1. I, I, I,

Maximum 2460 2420 2510 1.190 1210 1.180 0.418 0404 0409 2095 2.080 2.058
Minimum 1.930 1940 1.940 0980 1.000 1.000 0286 0276 0276 1.673 1.696 1.688
Range 0530 0480 0570 0.210 0210 0.180 0.133 0.128 0.133 0422 0385 0.371

U 2199 2192 2188 1.083 1.089 1.086 0347 0344 0343 1802 1.800 1.799
o 0.164 0.148 0.161 0.061 0.066 0.059 0.047 0.046 0.046 0.089 0.084 0.083
o? 0.027 0.022 0.026 0.004 0.004 0.003 0.002 0.002 0.002 0.008 0.007 0.007

MAD 0.147 0130 0.136 0.052 0.056 0.051 0.043 0.042 0.042 0.062 0.055 0.054
CV [%] 7449 6.737 7338 5.603 6.040 5416 13564 13.357 13.430 4.966 4.639 4.636
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Figure 3. Performance indices of the proposed control strategy: (a) current THD; (b) average mean
squared error per phase.

3.3. Discussion

Compared with conventional weighted FCS-MPC strategies, the proposed ASMPC
approach eliminates the need for empirically tuned weighting factors by alternating the
evaluation of control objectives, which reduces priority bias and improves the balance
between current tracking and reactive power minimization. The obtained results confirm
the effectiveness of the proposed method. The input current THD in both modules is 8.10%,
while the load THD is reduced to 1.00%. In comparison, the classical MPC strategy reported
in [17] presents 8.57% input THD and 2.05% at the load.

The sensitivity analysis also indicates that moderate values of N, provide a suitable
compromise between control performance and computational effort. Therefore, selecting
an intermediate N, value can be considered a practical design guideline for real-time im-
plementation of the proposed ASMPC strategy in multimodular matrix converter systems.
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4. Conclusions

The ASMPC allows efficient switching between current tracking and reactive power
minimization without requiring the tuning of weighting factors typically needed in con-
ventional MPC strategies. The simulation results show good reference tracking and low
harmonic distortion, achieving an input current THD of 8.10% and a load THD of 1.00%,
while maintaining stable performance under variations of the N, parameter.

The low dispersion observed in the evaluated metrics confirms that the system per-
formance is not compromised by changes in N,. This invariance simplifies the controller
design and reinforces the robustness of the proposed strategy, positioning ASMPC as an
efficient control solution for multimodular matrix converter systems.
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