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Abstract: [ Objective] One-step and two-step model-free
predictive current control ( MFPCC) for permanent magnet
synchronous motor (PMSM) system is established to address
the strong parameter dependence issue in model predictive
current control (MPCC). [Method] Based on the ultralocal
model, one-step and two-step MFPCC for PMSM was
implemented. The differential algebraic method was used to
estimate uncertain parts of the first-order and second-order
ultralocal models. The effect of the window sequence length of
the ultralocal model on control performance was analyzed,
along with the parameter robustness of the ultralocal model-
based one-step and two-step MFPCC for PMSM with
parameter variations. Real-time experiments were conducted
to verify the results. [Results] Simulation and real-time
experimental results showed that the window sequence length
of the first-order ultralocal model significantly impacted the
control performance. Increasing the window sequence length
improved control performance until saturation. The window
sequence length of the second-order ultralocal model had a
smaller effect on control performance. The ultralocal model-
based one-step and two-step MFPCC for PMSM showed strong
parameter robustness with parameter variations. With the
increase in window sequence length, the computational time
for the ultralocal model increased slightly, but the overall

real-time performance was minimally affected. [Conclusion]
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The ultralocal model-based one-step and two-step MFPCC for
PMSM is feasible and demonstrates strong parameter
robustness. The real-time performance of the ultralocal model-
based one-step  MFPCC is comparable to that of the
conventional one-step MPCC. The ultralocal model-based
two-step MFPCC exhibits slightly better real-time performance
than the conventional two-step MPCC.

Key words: permanent magnet synchronous motor; model-
free predictive current control; ultralocal model; model

predictive current control; robustness; real-time performance
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Fig.1 One-step MFPCC for PMSM based on ultralocal model
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Tab.8 Computation time of one-step MFPCC

@oE k1 S 7 O JAFER/
G FERF/ms FERT/ms ms
n=2 112.63 2423.218 2 535.850
n=3 112.41 2 424.048 2 536.466
n=4 112.41 2 424.016 2 536.434
n=5 113.20 2 425.752 2 538.959
n=6 113.20 2 425.146 2 538.354
n=7 113.65 2 426.176 2 539.83
n=8 113.61 2 424.623 2 538.241
n=9 114.00 2 425.514 2 539.519
n=10 114.00 2 424.783 2 538.789
n=11 114.40 2 425.205 2 539.610
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Tab.9 Computation time of two-step MFPCC
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n=7 232.65 18 574.65 18 807.30
n=8 232.65 18 574.57 18 807.22
n= 233.05 18 574.57 18 807.62
n=10 233.05 18 574.19 18 807.23
n=11 233.45 18 574.04 18 807.49
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Finite control set-model predictive control
(FCS-MPC) traverses all inverter switching states,
calculates the predicted values of predictive variables
based on the prediction model, evaluates the control
effect through a cost function, and outputs the
switching state that minimizes the cost function.
FCS-MPC  has
the field

synchronous motor ( PMSM ) control. Meanwhile,

model-free predictive control ( MFPC) , which does

Recently, garnered  significant

attention  in of permanent magnet

not rely on model parameters, has become a popular
research topic. By leveraging system input and
output data, MFPC can be implemented using
ultralocal models.

In this study, one-step and two-step model-free
predictive current control (MFPCC) for PMSM were
established based on first-order and second-order
ultralocal models. The differential algebraic method
was employed to estimate the uncertainties in the
ultralocal models. The influence of the ultralocal

model ° s window sequence length on control

performance was analyzed. The robustness and real-

S4

time performance of one-step and two-step MFPCC
were also validated under varying parameters.
The conclusions are as follows:
1. Ultramodel-based one-step and
MFPCC for PMSM is feasible, ensures smooth motor

operation, and enables four-quadrant operation.

two-step

2. The window sequence length of the first-step

ultralocal ~model  significantly  affects  control
performance.  Increasing the length improves
performance until saturation. The second-step

window sequence length has a smaller impact.

3. Under parameter variations, both one-step and
two-step MFPCC exhibit strong parameter robustness.
the

increases the computational time for MFPC, but the

4. Increasing window length slightly
impact on real-time performance is minimal.

5. The real-time performance of ultramodel-
based one-step MFPCC is comparable to that of
conventional one-step model predictive current

(MPCC),  while MFPCC

outperforms conventional two-step MPCC in real-

control two-step

time performance.
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