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Abstract:

Optimizing the controller design is crucial for enhancing the efficiency of permanent magnet synchronous motors. Model
predictive control (MPC) is an effective method for achieving optimal dynamics. However, its implementation faces
challenges due to high computational burden and complex parameter tuning, especially in systems with short sampling
times or complex dynamics. This increases computational demands exponentially, complicating parameter adjustments,
slowing real-time execution, and necessitating shorter prediction horizons. This study addresses these issues by
approximating the control sequence using discrete orthogonal basis functions, specifically Laguerre polynomials, to
reduce computational load and enable longer prediction horizons. Additionally, the particle swarm optimization (PSO)
algorithm is employed to optimally tune controller parameters. The key advantage is optimizing coefficients with fewer
orthogonal functions instead of the control path itself, allowing for extended prediction horizons while maintaining
performance.
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1. Motivation of the Work

The implementation of model predictive control (MPC)
for BLDC motor position control is limited by high
computational demands and complex parameter tuning.
In systems with short sampling times or intricate
dynamics, computational load grows exponentially,
slowing real-time execution and requiring shorter
prediction horizons. This study addresses these
challenges by parameterizing the control signal
sequence with discrete orthogonal basis functions,
specifically Laguerre polynomials, to reduce constraints
and controller parameters, enabling longer prediction
horizons. Additionally, the particle swarm optimization
(PSO) algorithm is used to optimally tune MPC
parameters, ensuring effective control performance. The
main objectives are: implementing MPC in the D—-Q
reference frame for BLDC motor position control,
reducing computational burden using Laguerre
polynomials, and applying PSO for parameter tuning.

2. Contributions

overall computational burden.approximate the control
sequence, thereby reducing the overall computational
burden. Since any continuous function can be
represented by an expansion of orthogonal functions,
each control input signal can be expressed as the
impulse response of a stable system. Furthermore, the
impulse response of a stable system can be
approximated using Laguerre functions. In systems with
short sampling times or complex dynamics, the
computational demand increases significantly. To
address this issue, it is proposed to use discrete
orthogonal polynomial expansions to approximate the
control sequence, thereby reducing the the overall
computational burden.

3. Procedures
In this study, the significant computational burden of
predictive control is alleviated by approximating the
computations using one of the discrete orthogonal basis
functions, namely Laguerre polynomials. Additionally,
the Particle Swarm Optimization (PSO) algorithm is
employed for optimal tuning of the system parameters.
Accordingly, simulations are conducted for three cases:

1. Continuous predictive control (CPC),

2. Continuous predictive control with Laguerre

functions (Laguerre-based CPC), and
3. Predictive control with PSO-based parameter
optimization.

All experimental conditions are identical across the
three cases, with a sampling frequency of 10 kHz. Table
1 presents the specifications and components of the
BLDC motor used in the study. For all three cases,
prediction horizons of 4 and 40, and control horizons of
1 and 20, are considered, along with a disturbance
torque of 0.5 Nm. The only difference among the
methods is the control algorithm: in the Laguerre-based
CPC, four Laguerre functions are used for each input.
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For simulation in MATLAB/Simulink, the steps of
implementing the proposed control system are first
described, followed by the presentation and analysis of
the simulation results.

4. Findings

In the continuous predictive control (CPC) method for
BLDC motor position control, an initial overshoot is
observed in the response. Consequently, the iq and id
currents, as well as the electromagnetic torque Te ,
experience some settling initially, which gradually
corrects over time. However, due to the long prediction
horizon of 40 and the corresponding computational
load, the execution time of the algorithm is relatively
long. In the predictive control method with Particle
Swarm Optimization (PSO), it is observed that the
algorithm, by optimally tuning the predictive controller
gains, effectively reduces the initial overshoot and
shortens the settling time of the currents. Nevertheless,
the execution time remains long due to the high
prediction horizon and the associated computational
demand.In the Laguerre-based predictive control
method, a significant reduction in execution time is
observed compared to standard predictive control. The
program execution time is approximately 12
milliseconds, indicating a substantial decrease in
computational burden. This improvement is confirmed
by comparing the total simulation completion times.

5. Conclusion

This paper presented and compared BLDC motor
position control using predictive control with and
without Laguerre functions, as well as predictive control
with PSO-based parameter optimization. Simulation
results demonstrated that, overall, Laguerre-based
predictive control outperforms standard predictive
control. Under identical conditions, the proposed
Laguerre-based method exhibits a significant reduction
in computational time. This reduction can be
particularly valuable in applications where computation
time is a critical constraint. Furthermore, the use of the
PSO metaheuristic algorithm allows for effective tuning
of controller parameters, eliminating initial overshoot
and reducing the settling time of the currents.
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