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Letters

A Model-Independent Online Learning-Based Control Strategy for
DC/AC Inverters

Zifan Lin , Member, IEEE, Yulin Liu , Wenxiang Du , Graduate Student Member, IEEE, Qingle Sun ,
Herbert Ho-Ching Iu , Fellow, IEEE, Tyrone Fernando , Senior Member, IEEE,

and Xinan Zhang , Senior Member, IEEE

Abstract—This letter proposes a novel control scheme for power
electronic inverters using a barrier Lyapunov function guided
radial basis function neural network controller, featuring online
learning and real-time applicability. Unlike many existing adaptive
neural network-based controller, the proposed method requires
no knowledge of system parameters and does not require any
offline training. The control law is updated entirely online with
guaranteed convergence, ensuring bounded current tracking un-
der uncertainties and disturbances. Its simple structure leads to
extremely low computational complexity, making it one of the most
efficient model-free controller currently applicable to real-time
dc–ac inverter control. The effectiveness and robustness of the
proposed controller are verified through application to a three-level
neutral-point-clamped inverter.

Index Terms—Model independent, neural network, three-level
neutral point clamped (3L-NPC) inverter.

I. INTRODUCTION

DC/AC inverters have seen rapid development in recent
years and are widely deployed in applications, such as

solar photovoltaic systems [1], ship propulsion [2], and mi-
crogrids [3]. Numerous control strategies have been proposed
to improve the performance of dc/ac inverters [4], [5], [6],
[7], [8], [9], [10], [11]. For instance, finite control set model
predictive control (MPC) [4], [5], [6], [7] has attracted signif-
icant attention due to its straight forward formulation and fast
dynamic response; however, its dependence on precise system
models limits robustness under parameter variations. A dead-
beat predictive control in [8] also demonstrates good current
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quality and reliability. To overcome this, improved MPC meth-
ods have been developed, integrating observer-based parameter
estimation methods, such as adaptive observer in [9] and refined
extended state observer in [10], to enhance parameter adaptation
and tracking performance. In addition, machine-learning-based
controllers have emerged as promising solutions for complex or
nonlinear system compensation, enabling real-time learning and
control adjustment [11]. Despite their potential, most of these
approaches still face challenges related to model dependence,
computational complexity, or training requirements, which can
hinder real-time implementation and widespread adoption in
industrial applications.

To mitigate model dependence, Jin et al. [9] proposed an
adaptive model predictive control, which employs an online
adaptive observer to estimate system parameters. Unfortunately
this method introduces extra observer gain tuning issue and
suffers from high computational burden. In 2023, a deep deter-
ministic policy gradient-assisted integral reinforcement learning
controller with excellent performance was proposed in [11]. Yet,
it requires the tuning of covariance matrix in its recursive least
squares algorithm and imposes high computational cost.

To address the limitations of existing model-based and
learning-based control methods, including sensitivity to param-
eter variations, requirement for accurate modeling, and exces-
sive computational burden, this letter is motivated to develop
a real-time applicable solution that ensures stability without
relying on the knowledge of system model. The proposed
controller features online learning, avoids offline training or
parameter identification, and guarantees bounded tracking per-
formance under uncertainties and disturbances. Its simplicity
and low computational cost make it well suited for real-time
implementation in power electronic systems, such as the dc/ac
inverters.

II. SYSTEM MODELING

A. Inverter Configuration

The topology used in this letter to verify the proposed con-
troller is a three-level neutral point clamped (3L-NPC) inverter.
The mathematical model of the 3L-NPC inverter in the stationary
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Fig. 1. Control block diagram for the proposed controller.

αβ-reference frame can be expressed as

u = LẎ +RY (1)

where u =
[
u∗α(t), u

∗
β(t)

]T
represents control input and desired

voltage vector in αβ-reference frame, Y =
[
iα(t), iβ(t)

]T
denote system output and corresponding currents in αβ-axis.
L and R represent the inductance and resistance of the load,
respectively. Reconstructing iα(t) and iβ(t) into its second
derivative term, the equation can be derived as follows:

u =
R

ω2
Ÿ + LẎ (2)

where ω is the angular frequency.

B. Problem Formulation

Taking model uncertainty and disturbance into account, (2)
can be rewritten as

u = Δu+ d =
R

ω2
Ÿ + LẎ (3)

where Δ = [Δα, Δβ ](0 < Δα,β � 1) and d denotes the im-
pact of model uncertainty and disturbance. Model uncertainty
is considered to include inherent model uncertainties arising
from device imperfections, temperature-induced variations, and
operational parameter drift. The block diagram of the proposed
method is shown in Fig. 1, which consists of two radial basis
function neural networks (RBFNNs) with simple structure. Each
RBFNN has three layers, i.e., input, hidden, and output layers.
The disturbance d(t) introduced in this letter is assumed to be
continuous in time and bounded, which yields ∀t > 0, such
that d � d̄. The control objective is to ensure that output Y
follows the desired reference trajectory Yr while guaranteeing
prescribed performance and the boundedness of all closed-loop
signals.

III. METHODOLOGY

In the proposed control method, the following performance
function is defined:

f(t) = (fmin − fmax) e
−th + fmax (4)

where fmin, fmax, and h are positive constants to be designed.
f(t) and τf(t)(0 � τ < 1) constrain the initial error and the
tracking error to be within the bounded region [12]. To achieve
zero steady-state error, e and E are defined as

e = Y − Yr =

[
eα
eβ

]
E = ė+ λe =

[
Eα

Eβ

]
(5)

where λ is a positive diagonal matrix to be designed. As men-
tioned above, the achievement of prescribed performance can
be transformed into the problem of finding the control gains
subject to time-varying constraints. The upper and lower con-
straints of tracking error are expressed as f(t) = Ū = [Ūα , Ūβ ]
and τf(t) = U = [Uα , Uβ ], respectively. Introducing a barrier
Lyapunov function (BLF) as follows:

V1 =

[
I(eα)

2
ln

(
Ū2
α

Ū2
α − e2α

)
+

1− I(eα)

2
ln

(
Ū2
α

Ū2
α − e2α

)]

+

[
I(eβ)

2
ln

(
Ū2
β

Ū2
β − e2β

)

+
1− I(eβ)

2
ln

(
U2

β

U2
β − e2β

)]
(6)

where I(ei) is an indicator function that equals to 1 if ei > 0,
and 0, otherwise. Differentiating V̇1 yields

V̇1 =

2∑
i=1

{
I(ei) ei
Ū2
i − e2i

(
Ei − λiei − ei

˙̄Ui

Ūi

)

+
(1− I(ei)) ei

U2
i − e2i

(
Ei − λiei − ei

U̇ i

U i

)}
. (7)

The diagonal matrix λi is introduced as

λi = κ1i + δi (8)

where κ1i is a constant and δi is defined as an upper bound of√√√√( ˙̄Ui

Ūi

)2

+

(
U̇ i

U i

)2

=
√
2h

(
fmin − fmax

fmin − fmax + fmaxelt

)

≤
√
2h. (9)

Combining (7) with (9) yields

V̇1 ≤
2∑

i=1

{
−κ1ie2i

(
I(ei)

Ū2
i − e2i

+
1− I(ei)

U2
i − e2i

)

+ E

(
I(ei)ei
Ū2
i − e2i

+
(1− I(ei))ei

U2
i − e2i

)}
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≤
2∑

i=1

(−κ1ieiz1i + ET z1i
)

(10)

where z1i = [z11, z12] is an auxiliary variable vector, which is
defined as

z1i =
I (ei) ei(t)

Utop
2(t)− ei2(t)

+
(1− I (ei)) ei(t)

Ubot
2(t)− ei2(t)

. (11)

Introducing a new Lyapunov function

V2 = V1 +
1

2
ET R

ω2
E. (12)

Differentiating V2 yields

V̇2 = V̇1 +
1

2
ET Ṙ

ω2
E + ET R

ω2
Ė

= V̇1 +
1

2
ET Ṙ

ω2
E + ET R

ω2
λė− ET R

ω2
Ÿr

+ ET (Δu+ d)− ETLẎ

= V̇1 + ET

(
Δu+ d− LẎr − R

ω2
Ÿr + Lλe+

R

ω2
λė

)
.

(13)

Define two RBFNNs to estimate system uncertainties

WTΦ(Z) = −LẎr − R

ω2
Ÿr + Lλe+

R

ω2
λė+ α(Z) (14)

WT
d Φd (Zd) = Δu− LẎ + αd (Zd) (15)

whereZ = [Y T , Ẏ T , ET ] and Zd = [Y T , Ẏ T , uT ] are the RBF
neural networks inputs, Φ(Z) = [Φ1(Z), Φ2(Z), . . ., Φn(Z)]

T

and Φσ(Zσ) = [Φd1(Zd), Φd2(Zd), . . ., Φdn(Zd)]
T are the

Gaussian RBFs,Φd(Zd) satisfies ‖Φd(Zd)‖ � ψd withψd being
an unknown positive constant, n is the hidden node number, W
and Wd are the weights of the two neural networks, and α(Z)
and αd(Zd) are the neural networks’ approximation errors that
satisfy |α(Z)| � ᾱ(Z) and |αd(Zd)| � ᾱ(Z), respectively. The
weight updating laws of the neural networks are set as

˙̂
W = −K

(
Φ(Z)E + εŴ

)
(16)

˙̂
Wd = −Kd

(
Φd (Zd) d̂+ εdŴd

)
(17)

whereK andKd are the constant gain matrices; d̂ is the approx-
imation value of the disturbance; Ŵ and Ŵd are the estimations
of the two weights; ε and εσ are small constants to avoid the
drift of WTΦ(Z) and WT

d Φd(Zd), respectively. Introducing an
auxiliary variable z2, the disturbance observer is constructed as

d̂ = ẑ2 + ΓdẎ (18)

ż2 = − Γz2 − Γ
(
ŴT

d Φd (Zd) + ΓdẎ
)

(19)

where Γ and Γd are diagonal matrices satisfying Γ � aΓd �
ΓdA

−1 > 0 with a denoting the upper bound of the eigenvalues
of A−1. Then, substituting (32) into (31) and calculating the

TABLE I
EXECUTION TIME OF METHODS

derivative of (31) yields

˙̂
d = −Γ d̂− ΓdA

−1d− ΓŴT
d Φd (Zd) + ΓdA

−1ŴT
d Φd (Zd) .

(20)
Applying Young’s inequality, we conclude that

d̂T
˙̂
d � −d̂TΓ d̂− d̂TΓdA

−1d+
∣∣∣d̂TΓŴT

d Φd (Zd)
∣∣∣ (21)

� −d̂T
(
Γ − 1

2
A−1Γ − I

)
d̂+

1

2
d̄T aΓ d̄ (22)

+
1

2
α̃T
d (Zd)Γ

2α̃d (Zd) +
1

2
ψd ‖ΓWd‖2 (23)

where I denotes the identity matrix. Then, the virtual control
law ξ can be constructed as

ξ = κ2E + ŴTΦ(Z) + z2 − d̂. (24)

Thus, the model-free control law is solved as

u = − φ̂ξ (25)

˙̂
φ = Euv − kφ̂. (26)

Note that the control laws in (25) and (26) is obtained without
any knowledge of the system model and parameters.

IV. EXPERIMENTAL RESULTS

To validate the effectiveness of the proposed control strategy,
experiments are carried out on a 3L-NPC inverter. The proposed
control strategy is implemented on the NXP QorlQ P5020 pro-
cessor within the dSPACE DS1202 MicrolabBox, operating with
a control cycle of 100 μs.

A. Computational Burden

The computational burden of proposed method is tested and
compared with state-of-art and conventional methods. The con-
trol algorithms are implemented on a DSP TMS320F28335
processor, operating at a clock frequency of 150 MHz. A digital
output port is used to measure execution time, where the output
level is set to 5 V when the algorithm begins execution and
reset to 0 V upon completion. This method provides an accurate
assessment of the computational burden associated with each
control scheme. The results of the computational performance
analysis are presented in Table I.

The proposed method reduces the execution time by 99.41%
compared to online learning-based method with neural network
proposed in [11], and 22.1% compared to nonneural network
observer-based adaptive control in [9]. This is mainly attributed
to the efficient handling of the learning process and neural
network due to the presence of prescribed performance function
setting.
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Fig. 2. Dynamic performance comparison under load step Id = 4 A to Id = 10 A then back to Id = 4 A for (a) method 1 from [9], (b) method 2 from [11], and
(c) proposed method.

B. Performance Comparison

The dynamic performance of proposed method is compared
with method 1 from [9] and method 2 from [11] under a step
change in current reference, where Id transitions from 4 A to
10 A and is restored to 4 A. The experimental results are shown
in Fig. 2. As illustrated, the proposed controller exhibits shorter
settling time, smaller overshoot, and comparable neutral-point
voltage performance compared to the other methods. In contrast,
method 1 from [9] shows noticeable oscillations following the
step change, and method 2 from [11] suffers from a longer tran-
sient period. The superior transient tracking capability confirms
the effectiveness of the proposed control scheme under abrupt
load variations.

The steady-state response of proposed controller, including
the line currents Ia and Ib, and voltages across both the upper and
lower capacitors VC1 and VC2, are presented in Fig. 3. It can be
seen that the proposed controller achieves excellent performance
with a smooth current waveform. The total harmonic distortion
of line current Ib is measured at 3.59% where d-axis current
in the rotating reference frame Id = 4 for proposed method,
and 2.38% at Id = 10. The prescribed performance is always
obtained within the prescribed bounds.

To assess the thermal behavior of each control strategy, the
inverter hardware was operated continuously for 60 min under
two state-of-art methods and the proposed method, respectively.

Fig. 3. Steady-state experiment result of Id = 4 A and Id = 10 A for the
proposed method.

Fig. 4 presents the infrared thermal images captured at the start
and the end of each test. The proposed method exhibits similar or
slightly lower thermal buildup compared to method 1 from [9],
while significantly outperforming the method 2 from [11], which
shows elevated hot spots exceeding 41 ◦C. These results indicate
that the proposed controller not only achieves fast and accurate
current regulation but also minimizes thermal stress on the power
devices during extended operation.

The proposed controller achieves precise current tracking and
strong robustness against abrupt reference variations. Further-
more, its structurally simple and computation-efficient design
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Fig. 4. Infrared thermal images of the inverter hardware after 60 min of
operation under (a) method 1 from [9], (b) method 2 from [11], and (c) proposed
method.

facilitates real-time implementation on resource-constrained
hardware platforms, thereby enhancing its practicality and
deployment potential in industrial applications. Experimental
validation includes comprehensive comparisons in terms of
computational execution time, steady-state performance, tran-
sient response, and thermal profile. These results collectively
confirm the proposed method’s effectiveness and practical fea-
sibility under various operating conditions.

V. CONCLUSION

This letter presents a computational efficient BLF-guided on-
line learning controller for current regulation in dc/ac inverters.
The proposed controller operates in a model-free manner, requir-
ing no prior knowledge of inverter parameters or tedious offline
training of neural network, and is capable of online learning with
provable convergence within prescribed time and boundary con-
ditions. This approach offers a promising and practical solution
for intelligent control in advanced power electronic systems.
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