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Abstract: [Objective] In the space vector modulation direct
torque control (SVM-DTC) of brushless doubly-fed machine
(BDFM ), inner-loop torque and flux proportional-integral
(PI) controllers are commonly used. However, fixed PI
parameters are difficult to adapt to the system’ s nonlinearity
and frequently varying operating conditions, making it
challenging to maintain optimal performance across all
operating points. To address this problem, a deep
reinforcement learning ( DRL)-based SVM-DTC strategy is
proposed to eliminate the dependence on manual parameter
tuning and improve the system’ s dynamic performance and
robustness. [Methods] The twin delayed deep deterministic
policy gradient (TD3) algorithm was adopted to construct and
train an Actor-Critic neural network, which replaced the
inner-loop torque and flux PI controllers. The state space
consisted of estimated torque, estimated flux, torque error,
flux error, integral of torque error, integral of flux error,
speed reference, and speed feedback. The action space was
defined as the d-¢ axis components of the control winding
reference voltage vector. Meanwhile, a reward function was
designed to integrate torque ripple suppression, and flux
deviation penalty, guiding the TD3-agent to learn optimal
voltage decisions in a continuous action space. [ Results ]
Simulations were carried out under typical operating
conditions such as speed step change and sudden load

variation to compare the performance of the proposed DRL-
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based SVM-DTC strategy and the traditional SVM-DTC
strategy. The simulation results showed that the proposed
method consistent speed  control

SVM-DTC

[Conclusion] The well-trained Actor network can directly

achieved  basically
performance with the traditional strategy.
generate the control winding reference voltages according to
the system’ s real-time states, obviating the parameter tuning
process of the inner-loop torque and flux PI controllers. The
TD3-based SVM-DTC strategy can achieve high-quality
control of torque and flux for BDFM, exhibiting excellent
dynamic response and robustness.

Key words: brushless doubly-fed machine; space vector
modulation direct torque control; deep reinforcement

learning; twin delayed deep deterministic policy gradient
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Fig.1 Vector diagram of BDFRM
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Fig.3 Block diagram of RL-agent interacting
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B 8 SVM-DTC KBS T Ry%E 4B il
Fig.8 Torque waveforms under SVM-DTC strategy
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Xt Actor 2 2] % Critic 2 ) R K 82 W 45 O
BESE T 2Rk R, B2 B faoe ik

B9 SVM-DTC RE&T CW W d % 5% KT

Fig.9 d-axis flux waveform of CW under
SVM-DTC strategy

B 10 SVM-DTC RE&T CW K dg 38 £ B EiKF
Fig. 10 dq-axis voltage reference waveforms of
CW under SVM-DTC strategy
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TENN it R | 75 Rl h 42 W Sl 4
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Tab.2 Hyperparameter configuration for the
TD3 algorithm

e EA ZHE
Actor % & Se-5
Critic %% ) % 3e-5
Gt X RN 100 000

AN AR RN 512

PrnH ¥ 0.99
B R4 0.001

TR 0.1

TR MRS 0.04

PRA MR T 0.995
/MR M 0.01

11 I REITREH

Fig. 11 Cumulative reward during training
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Fig. 12 Speed waveforms under DRL-based
SVM-DTC strategy
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T AL B iR Shcit s o, Fig. 14 d-axis flux waveforms of CW under DRL-based
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WHORAS 0.5~ 1 s, MUBEFEHE 5 Ak g OW ARSI REDIRE, 22 N (U5 2 PR 9 A7
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15 ETF DRL &) SVM-DTC KRBT CW 9 A HHEFRIEF
Fig. 15 A-phase current waveform of CW under DRL-
based SVM-DTC strategy
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Fig. 13 Torque waveforms under DRL-based I, 1 ~1.5 s, BDFRM 4t F W 6 2
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Fig. 16 Three phase current waveforms of CW when

no-load operation
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Fig. 17 Three phase current waveforms of PW when

no-load operation
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Fig. 18 dg-axis reference voltage waveforms of
CW under DRL-based SVM-DTC strategy
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