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Abstract—To mitigate harmonic contamination, this article in-
troduces a supertwisting practical terminal sliding mode controller
(STPTSMC) using a self-organizing Hermite fuzzy neural network
(SOHFNN) for an active power filter (APF) with unknown model
nonlinearities. First, a practical terminal sliding mode because of
its benefits in offering a continuous and nonsingular characteristic
is adopted, and a supertwisting sliding mode control algorithm
is embedded to smoothen chattering control signals and enhance
APF’s dynamic tracking capability. Second, the fusion of fuzzy
neural network, self-organizing mechanism, feature selection al-
gorithm, and Hermite activation function empowers the SOHFNN
to precisely estimate the uncertain STPTSMC owing to component
parameter perturbation of APF. Finally, the feasibility and efficacy
of the SOHFNN-STPTSMC scheme have been validated through
simulation and experimental efforts, evidencing its improvement
performance relative to other methodologies.

Index Terms—Fuzzy neural network (FNN), Hermite orthogonal
polynomials, practical terminal sliding mode (PTSM) controller,
self-organizing mechanism.

I. INTRODUCTION

AGAINST the backdrop of burgeoning advancements in
power electronic technology and the proliferation of dis-

tributed generations, the power system is increasingly burdened
with a significant influx of harmonics, posing a severe risk to
its safe and stable functioning [1], [2]. Therefore, addressing
and mitigating these harmonics is of utmost importance. Active
power filter (APF), known for its excellent harmonic compen-
sation capabilities, has emerged as a prominent solution for
harmonics mitigation [3], [4], [5]. The existing APF topology
mainly includes buck-boost type and full-bridge type [6], [7],
[8]. Compared with the simplified buck-boost topology, the

Received 10 April 2025; revised 17 July 2025; accepted 20 August 2025.
Date of publication 28 August 2025; date of current version 22 October 2025.
This work was supported in part by the National Natural Science Foundation
of China under Grant 62103132 and Grant 62003132, in part by the Natural
Science Foundation of Jiangsu Province under Grant BK20241779, and in part
by the Major Special Science and Technology Project of Yunnan Province under
Grant 202402AF080006. Recommended for publication by Associate Editor
H. S. Krishnamoorthy. (Corresponding author: Shixi Hou.)

The authors are with the College of Artificial Intelligence and Automation
and Jiangsu Key Laboratory of Power Transmission and Distribution
Equipment Technology, Hohai University, Nanjing 210098, China (e-mail:
houshixi@hhu.edu.cn; 1962510103@hhu.edu.cn; 20191011@hhu.edu.cn;
221620010066@hhu.edu.cn; johnfei123@163.com).

Color versions of one or more figures in this article are available at
https://doi.org/10.1109/TPEL.2025.3603892.

Digital Object Identifier 10.1109/TPEL.2025.3603892

full-bridge structure offers higher degrees of freedom for control
and a wider compensation bandwidth, which is more suitable for
the increasing complexity of harmonics. Thus, APF with full-
bridge topology is considered as research objective in this article.
Nonetheless, the escalating complexity of harmonic pollution
alongside heightened demands for power quality challenges the
efficacy of conventional control strategies for APF, such as PI
and hysteresis control. As a result, the development of current
tracking strategies, integrating the advantages of diverse control
techniques, emerges as a pivotal research focus.

Sliding mode control (SMC) [9], [10], [11], [12], [13], [14],
[15], [16] is widely acknowledged as a robust control approach,
capable of addressing uncertainties and external disturbances
effectively. Among them, terminal sliding mode control (TSMC)
[12], [13], [14] emerges as an enhancement over traditional
SMC, offering finite-time convergence and enhanced robust-
ness. However, TSMC faces challenges such as potential sin-
gularity and persistent chattering in practical implementations.
The research detailed in [15] unveils a pioneering sliding surface
design via the practical TSMC (PTSMC) manifold, employing a
hyperbolic tangent function intertwined with a terminal attractor.
This PTSMC is characterized by a Lipschitz-continuous prop-
erty and possesses a notably steep gradient for the generalized
velocity at its origin, which effectively eliminates the necessity
for manifold switching to address the singularity issues asso-
ciated with TSMC, maintaining efficacy even when controlled
states are proximal to the equilibrium. Additionally, owing to
its capabilities in diminishing chattering, super-twisting sliding
mode control (STSMC) [17], [18], [19] has found application
across numerous studies. Therefore, supertwisting practical ter-
minal sliding mode controller (STPTSMC) is exploited APF
in this article. However, STPTSMC technology fundamentally
relies on detailed information of nonlinear systems, which poses
a significant challenge in real-world applications. Consequently,
there is a need to develop an enhanced STPTSMC approach for
APF with indeterminate parameters.

The integration of SMC with diverse observers [20], [21],
[22], [23], [24] or neural networks (NNs) [25], [26], [27], [28],
[29], [30] has garnered significant attention in recent scholarly
investigations. The profound computational capabilities of NNs,
theoretically enable them to approximate any nonlinear func-
tion. Within numerous NNs, hidden neurons traditionally utilize
sigmoid or Gaussian functions as their activation mechanism.
However, there has been no conclusive evidence to suggest
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that uniform application of a single activation function across
all hidden neurons can optimize generalization capabilities.
Ma and Khorasani [31] introduce the concept of employing
Hermite orthogonal polynomials for the activation of hidden
neurons. This approach, as evidenced through various test sce-
narios, offers a more effective search domain and superior
functional performance in comparison to traditional sigmoid or
Gaussian activations. Moreover, unlike the Gaussian function,
utilizing Hermite orthogonal polynomials eliminates the neces-
sity for offline determination of activation function parameters,
thereby circumventing potential detriments due to inappropriate
parameter.

In addressing the intricacies of dynamic systems, the adoption
of a fuzzy neural network (FNN) strategy proves instrumental.
This approach leverages the synergistic integration of fuzzy
control’s expert knowledge and the robust approximation capa-
bilities of NNs to estimate indistinct dynamic models effectively.
Consequently, this has precipitated a considerable volume of
research endeavors employing FNN to approximate dynamic
systems [32], [33], [34], [35], [36]. While FNN has always
treated all inputs equally important, new research indicates
that some inputs are not as important as others. Highlighting
the significance of distinguishing and extracting pivotal input
features, there is a compelling argument for the creation of
an effective feature selection (FS) strategy to enhance network
efficiency [37], [38]. Moreover, in pursuit of optimizing FNN’s
fuzzy reasoning capabilities, some researchers have introduced a
novel compensatory fuzzy neural network (CFNN) architecture.
Evidence suggests this CFNN framework significantly boosts
the FNN’s learning velocity [38], [39]. The structure of FNNs
in deterministic systems frequently depends on empirical data
to ascertain the required fuzzy rules. In order to reduce this
reliance, a self-organizing fuzzy neural network (SOFNN) was
developed. This novel method guarantees that FNN runs steadily
and effectively with only an initial suitable set of fuzzy rules by
enabling SOFNN to dynamically modify its fuzzy rules based
on a set learning mechanism [40], [41], [42].

Based on the above discussion, we still need to address the
following issues.

1) The existing TSMC faces challenges including potential
singularity and persistent chattering in practical imple-
mentations.

2) The existing activation functions for NNs often need im-
pose the restrictions on the range of input data, which may
distort the distribution of original data, thus leading to the
loss of key features.

3) When dealing with complex time-varying systems, the
existing NNs struggle to distinguish between key infor-
mation and redundant noise, resulting in weak antidistur-
bance performance.

4) The characteristic of fixed structure in the existing
NNs significantly restricts their adaptability to dynamic
changes in the operating environment.

Therefore, this article introduces an STPTSMC for APF
to achieve harmonic current compensation, utilizing a self-
organizing Hermite neural network (SOHFNN). In addition to
Section I, Section II briefly outlines the APF principle and

designs the STPTSMC. Section III details the SOHFNN struc-
ture and its self-organizing mechanism. The proposed control
algorithm is discussed in Section IV. Sections V and VI validate
the method’s effectiveness through simulation and hardware
experiments, respectively. Finally, Section VII concludes the
article.

Remark 1: By contrasting with prior research, the contribu-
tions and unique features of this article can be more prominently
emphasized.

1) Compared with TSMC in [43] and [44], the developed
STPTSMC applies the hyperbolic tangent function and
supertwisting technology to solve the singularity prob-
lem and chattering phenomenon, simultaneously, which
effectively enhances the control performance of nonlinear
systems.

2) Compared with Gaussian activation function in [45], the
exploited activation function using Hermite polynomials
can achieve a more efficient search space, leverage the
full information of input data, and enable the proposed
SOHFNN to perform more effectively in complex system.

3) Against other FNNs with simple fuzzy reasoning in [46],
the SOHFNN utilizes the FS technology to focus on highly
correlated information while ignore irrelevant one, thus
effectively enhancing its antiinterference capabilities.

4) Compared with other fixed-structure FNNs in [47] and
[48] the proposed SOHFNN that incorporates a self-
organizing mechanism enables the dynamic addition
and removal of neurons according to task requirements,
thereby continuously maintaining high-precision model-
ing capabilities.

Remark 2: Although traditional PI/PR controllers can be
used to control the full bridge, they possess the following key
limitations: difficulty in handle parameter perturbations and
external disturbances, lack of finite-time convergence capability,
and high reliance on model accuracy, leading to unsatisfactory
response against dynamic changes. To address the limitations
of conventional PI/PR control, the STPTSMC with SOHFNN is
developed in this article.

II. PROBLEM FORMULATION

The circuit topology of a single-phase APF is depicted in
Fig. 1. The symbols Us, Udc, ic, iL, R, L, and C stand for source
voltage, dc-link capacitor voltage, compensation current, load
current, equivalent resistance, inductor, and dc-link capacitor,
respectively. In the field of APF current regulation, a critical
challenge is devising a control approach that significantly re-
duces the error between the target command current i∗c and the
measured compensation current ic.

The internal current loop of the APF is characterized dynam-
ically by the following description:

ïc=
R2

L2
ic − R

L2
Us+

1

L
U̇s+

(
R

L2
Udc − 1

L
U̇dc

)
u+H(t, ic).

(1)

In (1), H(t, ic) = −R
LHm − Udc

L u̇+ Ḣm rep-
resents the lumped uncertainties, where Hm =
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Fig. 1. Circuit diagram of APF.

(RΔL−LΔR)ic−UsΔL+uUdcΔL
L(L+ΔL) + h, ΔL and ΔR denote as

the parameter variation, and u represents switching state.
In practical systems, it is a common assumption that the
uncertainties including external disruptions from load and
grid interactions alongside internal variations due to aging
and temperature fluctuations of power components can be
represented as a lumped term [49], [50].

Then, the single-phase APF model is simply derived as

ïc = f(ic) + U +H(t, ic) (2)

where f(ic) =
R2

L2 ic − R
L2Us +

1
L U̇s,U = ( R

L2Udc − 1
L U̇dc)u.

Assumption 1: H(t, ic) is assumed to be a continuous
bounded function, and H1 represents the upper bound of
H(t, ic).

Defining the tracking error, along with its derivative, in the
subsequent manner:

e = ic − i∗
c

(3)

ė = i̇c − i̇∗c (4)

where i̇∗c is the reference compensation current.
And the derivative of ė can be derived as

ë = ïc − ï∗c. (5)

Traditional SMC typically employs a linear simple sliding
surface that does not guarantee finite-time convergence of the
state variable to the equilibrium state. While, the STPTSMC
incorporates a supertwisting algorithm to rapidly stabilize the
system’s states within a predefined compact set around the
equilibrium, enhancing precision and reducing chattering. The
formulation of the STPTSM surface can be expressed as follows:

s = μe1−q/p tanh(keq/p) + ė (6)

where p, q ∈ R+, μ, k ∈ R+,and p > q.
Taking derivative of (6) yields

ṡ = μ
{
(1− q/p) tanh(keq/p) /eq/p

+ kq/p
[
1− tanh2(keq/p)

]}
ė+ ë. (7)

The control laws are formulated as follows:

uSTPTSMC = ueq + usw. (8)

Using (2) and (5), and disregarding the disturbance H(t, ic),
while setting ṡ = 0, the equivalent controller ueq can be ex-
pressed as

ueq = ïc − f(x)− μ
{{
(1− q/p) tanh(keq/p) /eq/p

+kq/p
[
1− tanh2(keq/p)

]}
ė. (9)

The supertwisting switching controller is denoted as

usw = −k1
√

|s|sgn(s)−
∫

k2sgn(s)dt (10)

where k1, k2 > 0. It is assumed that |H(t, ic)| ≤ H1 <
k1,|Ḣ(t, ic)| ≤ H2 < k2, andH2 is the upper bound of Ḣ(t, ic).

Theorem 1: Under the framework of the nonlinear APF model
(2) and employing the controller specified in (8), the finite-time
stability of the closed-loop system is ensured.

Proof: The Lyapunov candidate is V1 = 1
2s

2. Upon substitu-
tion of (7) and the ideal controller (8) into the derivative of the
Lyapunov function V1, we derive

V̇1 = sṡ

= s[H(t, ic)− k1
√

|s|sgn(s)−
∫

k2sgn(s)dt)]

= sH(t, ic)− k1 |s|
√
|s| − s

∫
k2sgn(s)dt

≤ |s| |H(t, ic)| − k1 |s|
√
|s| − |s|

∫
k2dt

= |s|
∣∣∣∣
∫

Ḣ(t, ic)dt

∣∣∣∣− k1 |s|
√
|s| − |s|

∫
k2dt. (11)

As H(t, ic) =
∫
Ḣ(t, ic)dt and |∫ Ḣ(t, ic)dt| ≤∫ |Ḣ(t, ic)|dt

V̇1 ≤ |s|
∫ ∣∣∣Ḣ(t, ic)

∣∣∣ dt− k1 |s|
√
|s| − |s|

∫
k2dt. (12)

Because k2 > H2 > |Ḣ(t, ic)|, then

V̇1 ≤ |s|
∫

H2dt− k1 |s|
√
|s| − |s|

∫
k2dt

= − |s|
(∫

k2dt−
∫

H2dt

)
− k1 |s|

√
|s|

≤ − k1 |s|
√
|s| ≤ 0 (13)

V̇1 ≤ − k1(|s|)
3
2 = −2

3
4 · k1 · V 3

4 . (14)

Equation (14) can alternatively be expressed as

dV1

V1
3
4

≤ −2
3
4 · k1 · dt. (15)
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Fig. 2. Structure of SOHFNN.

Presuming stability of the system at t = tr, (15) is integrated
with respect to time∫ V (tr)

V (0)

dV1

V1
3
4

≤ −2
3
4

∫ tr

0

k1dt. (16)

From (16), the range of tr is determined as

tr ≤ −4 · (V1(tr)
1
4 − V1(0)

1
4 )

2
3
4 · k1

. (17)

This also substantiates the notion that employing controller
(8) ensures the system’s stability within a finite duration.

Despite the controller (8) necessitating precise model param-
eters of APF, which are frequently uncertain in real-world sce-
narios, this article introduces an innovative solution through the
deployment of an SOHFNN approximator. This approach effec-
tively circumvents the aforementioned limitations by employing
SOHFNN to replicate the original controller, as elaborated in
Section III, thereby significantly improving control efficacy.

III. SELF-ORGANIZING HERMITE FUZZY NEURAL NETWORK

This section describes the architecture of the SOHFNN, which
uses Hermite orthogonal polynomials as the activation function,
and details the self-organizing mechanism governing the net-
work nodes’ evolution.

A. Structure of SOHFNN

As depicted in Fig. 2, the SOHFNN framework is orga-
nized into five layers: the input layer; Hermite layer; FS layer;
compensation rule layer; and output layer. When the network

input is represented as X(t) = [X1(t), X2(t), . . . , Xn(t)] and
the output as Y (t), the formulation of each layer can be derived
as follows.

a) Input Layer: Primarily, it serves the purpose of receiv-
ing the input signalX(t) = [X1(t), X2(t), . . . , Xn(t)]. In
this layer, there exist n nodes, with each node correspond-
ing to a formal parameter of f(ic). The inputs θ1i (t) and
outputs φ1

i (t) of each node can be defined as{
θ1i (t) = Xi(t)
φ1
i (t) = θ1i (t)

i = 1, 2, . . . , n (18)

where Xi(t) represents the input of ith formal parameter
of f(ic) at time t.

b) Hermite Layer: In this layer, there exist m nodes, with each
node having n inputs and one output. The inputs θ2j (t) and
outputs φ2

j (t) of each node in this layer are defined as{
θ2j (t) = Θ

φ2
j (t) =

1√
2jj!

√
π
e−θ2

j (t)/2Hj(θ
2
j (t)) j = 1, 2, . . . ,m

(19)

where Θ = [φ1
1, φ

1
2, . . . φ

1
n] is input vector formed by all

inputs of Hermite layer. The Hermite orthogonal polyno-
mials are recursively defined as follows:

H0(r) = 1

H1(r) = 2r

...

Hl(r) = 2rHl−1(r)− 2(l − 1)Hl−2(r), for l ≥ 2 (20)

where r represents a vector.

c) Feature Selection Layer: In this layer, m nodes are present,
each directly aligning with a node in the Hermite layer.
These nodes are tasked with evaluating the feature degree
based on the outputs from the Hermite Layer. The defini-
tions of inputs and outputs for every node within this layer
are established as⎧⎨
⎩
θ3j (t) = (1− exp(−ρ2j (t)))e

φ2
j (t)

φ3
j (t) =

{
θ3j (t) fd(ρj(t)) ≥ T (t)
0 fd(ρj(t)) < T (t)

fd(ρj(t)) = 1− exp(−ρ2j (t)); j = 1, 2, . . . ,m (21)

where fd(ρj(t)) ∈ [0, 1) denotes the feature degree asso-
ciated with jth node, ρj is identified as the feature degree
factor for fd(ρj(t)), and the initial value of ρj(0) typi-
cally established at 1. T (t) is designated as the threshold
function for the characteristic degree, which is defined as

T (t) =
1

m[1 + (1 + e2 + ė2)] + aT
(22)

where aT > 0 ∈ R is threshold function regulator.
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To quantify the impact of individual nodes on the ultimate
output, a metric termed as the importance index is established

ηj(t) =

{
1 fd(ρj(t)) ≥ Tj(t)
ηj(t− 1) exp(−χ) fd(ρj(t)) < Tj(t)

(23)

where ηj(t− 1) represents the importance of ηj(t) at the last
moment, and χ > 0 ∈ R is a preset constant.

The operation of the FS algorithm is delineated as follows:
When fd(ρj(t))attains a value of 1, it implies that φ3

j (t) is
equivalent to φ2

j (t), indicating the substantial value of the fea-
ture information possessed by the jth node, necessitating its
complete transfer to the subsequent layer. Should fd(ρj(t))lie
within the range of T (t) and 1, it suggests that the feature
information from the j-th node possesses moderate utility. Under
such circumstances,φ2

j (t),adjusted by the feature degreeT (t), is
advised to be conveyed in part to the following layer. Conversely,
if fd(ρj(t)) is less than or equal to T (t), it is inferred that
the feature information of the jth node is considered to be of
minimal benefit, leading to the decision not to forward φ2

j (t)
to the next layer. The transfer of output from the Hermite layer
to the subsequent layer is conducted on a selective basis, fully,
partially, or not, based on the evaluated significance of the feature
information.

d) Compensation Rule Layer: This layer comprises m nodes,
each aligning with a corresponding node in the FS layer.
The inputs and outputs for each node are specified as
follows: ⎧⎨

⎩
θ4j (t) = (φ3

j (t))
1−λj(t)+λj(t)/n

φ4
j (t) =

θ4
j (t)∑m

i=1 θ4
i (t)

j = 1, 2, . . . ,m (24)

where λj(t) is defined as a function for compensation
degree, devised to dynamically refine the structure of the
SOHFNN, as specified

λj(t) =
α2
j (t)

α2
j (t) + β2

j (t)
, αj , βj ∈ R (25)

where αjand βj are the corresponding compensatory factor
parameters of λj(t).

To enhance the network’s generalization capabilities, this
article incorporates a compensation layer. As detailed in (24), the
inclusion of a compensation rule layer adds an extra dimension
of flexibility to NNs, indicating that the outputs from this layer
are shaped not solely by the inputs but are also modulated by a
compensation degree. Traditionally, FNNs assign the role of this
layer to what is known as the rule layer. It is important to note
that setting the compensation degree λj(t) to zero results in the
output of the SOHFNN’s compensation layer mirroring that of
the conventional FNN’s rule layer. Consequently, the compen-
sation layer presented in this research effectively subsumes the
conventional rule layer, treating it as a particular instance.

e) Output Layer: This layer contains a single node, desig-
nated to approximate the output of f(ic). The definitions
of the inputs and the output for this node are outlined as

follows: {
θ5j (t) = φ4

j (t)
φ5
1(t) = ΨTW

j = 1, 2, . . . ,m (26)

where Ψ = [θ51 θ52 · · · θ5m]
T ∈ Rm×1 is input vec-

tor formed by all inputs of output layer, and
W = [w1(t) w2(t) · · · wm(t)]

T ∈ Rm×1 represents
weight vector matched with Ψ. Therefore, we can obtain
the output Y (t) = φ5

1(t) of the SOHFNN.
The configuration of a conventional FNN is largely reliant

on empirical insights. To minimize reliance on pre-existing
knowledge, the SOHFNN employs a self-learning approach.
This strategy is bifurcated into two main policies: structure
augmentation and structure reduction, each of which will be
discussed in separate subsections.

B. Structure Augmentation Policy

The policy for adding structure is governed by three specific
criteria, and the SOHFNN will proceed with the addition of
structure only upon the fulfillment of all these conditions. The
particulars are outlined as follows.

1) Error Constrain. For system error e1 and a predefined
threshold Ta_1:If |e| > Ta_1, this suggests that the SO-
HFNN’s approximation capabilities are inadequate, ne-
cessitating an expansion of its structure. Conversely, if
|e| ≤ Ta_1, the SOHFNN is deemed to possess sufficient
approximation precision, and thus, no expansion of its
structure is required at this juncture.

2) Feature Degree Constrain. For the highest feature de-
gree, represented as ρmax = max{1− exp(−ρ2j )}, j =
1, 2, . . . ,mand a threshold Ta_2: When ρmax ≤ Ta_2 it
reflects a low Hermite layer response of the SOHFNN to
the current input, suggesting potential underfitting. This
indicates a lack of network capacity to fully capture and
adapt to the input’s complexities, warranting a structural
enhancement of the SOHFNN. If ρmax > Ta_2, it demon-
strates that the network is sufficiently complex to address
the intricacies of the input effectively, negating the need
for structural addition. The essence of the feature degree
constraint is to ensure structure augmentation aligns with
the necessity, promoting efficiency and precision in re-
sponse to input dynamics.

3) Calculation Burden Constraint. Given the computational
limits of actual control devices, this constraint considers
the computational load with the aim of limiting node ex-
pansion in each layer. For the SOHFNN, to avert excessive
computational demands, the maximal allowable structure
expansion is set atTa_3. Structure addition is contemplated
only when the current number of structures m < Ta_3.

Hence, it can be asserted that the structure of SOHFNN
expands when the following conditions are concurrently met:
|e| > Ta_1, ρmax ≤ Ta_2 andm < Ta_3. This expansion denotes
an augmentation in the node count across the three intermediary
layers of the network, with the initialization parameters for
these additional nodes being established by (27). Subsequent
to this, parameter updates are carried out in accordance with
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the designated update mechanism. In scenarios where these
conditions are not fulfilled, the SOHFNN confines its operations
to adjustments of parameters within its pre-existing framework⎧⎪⎪⎨

⎪⎪⎩
ρm+1(t) = 1
ηm+1(t) = 1
αm+1(t) = βm+1(t) = 1
wm+1(t) = 1

. (27)

C. Structure Reduction Policy

The expansion of SOHFNN’s structure not only enhances
its capabilities, but also elevates the computational load. To
manage the maximum configuration of SOHFNN effectively,
it is desirable to employ structural pruning. This approach aims
to alleviate the computational demands by excising components
that offer minimal contribution to the functionality of SOHFNN.
The pruning strategy is governed by three specific criteria,
delineated as follows.

1) Error Index Constraint: For the pruning index expressed
as 1 + e2 + ė2 and a pruning threshold denoted by Td_1,
structural pruning is considered only when 1 + e2 + ė2 >
Td_1. This approach is adopted because a cumulative error
1 + e2 + ė2 that is more than or equal toTd_1 increases the
threshold for the feature layer, potentially causing certain
structures within the SOHFNN to become temporarily
ineffective. To prevent unnecessary pruning operations,
no pruning will be conducted under these circumstances.

2) Importance Constraint: The Importance Constraint in-
volves assessing the importance index, denoted as ηj(t),
against a specified threshold Td_2. If ηj(t) ≤ Td_2, it
suggests that a segment of the SOHFNN’s structure has
remained inactive over an extended period, warranting its
removal to eliminate superfluous computations.

3) Calculation Burden Constraint: In the case of SOHFNN,
implementing structural pruning is acknowledged to di-
minish the computational load. However, it is desirable
for SOHFNN to maintain a certain level of structural
redundancy to effectively manage unpredictable distur-
bances. As such, the baseline quantity of structures within
SOHFNN is established at Td_3, with structural pruning
being contemplated only when m > Td_3.

Hence, the following criterion is established: structural prun-
ing is initiated when the conditions 1 + e2 + ė2 > Td_1, ηj(t) ≤
Td_2 andm > Td_3 are concurrently satisfied. In scenarios where
these conditions do not align, the SOHFNN’s architecture is
refined through parameter adjustment.

This section provides an in-depth exploration of SO-
HFNN, with the subsequent part examining the applications to
STPTSMC that are based on SOHFNN.

IV. PROPOSED CONTROL ALGORITHM

For real-world APF systems, accurately modeling the system
becomes challenging due to component parameter perturbations
and various external influences, the above STPTSMC approach
in (8) is difficult for engineering reality. To mitigate reliance on
precise prior knowledge for the STPTSMC, boost its robustness
and enhance control effectiveness, the output from the SOHFNN

is leveraged to approximate the controller uSTPTSMC. Addition-
ally, a robust compensator, denoted as urob, is integrated into
the control architecture to address other uncertainties, including
approximation inaccuracies.

The control strategy introduced in this article is designed as

U = uSOHFNN + urob. (28)

Assumption 2: There is an ideal SOHFNN to approximate
the controller uSTPTSMC, such that u∗

SOHFNN = Ψ∗TW ∗ + ε,
where ε presents reconstruction error satisfying |ε| ≤ εb, and εb
represents the maximum allowable reconstruction error,Ψ∗ =
Ψ∗(X(t), ρ∗, α∗, β∗), W ∗, ρ∗, α∗, β∗ are ideal parameters of
ideal SOHFNN.

The actual output of SOHFNN can be given as

ûSOHFNN = Ψ̂T (X(t), ρ̂, α̂, β̂)Ŵ (29)

where ρ̂, α̂, β̂, Ŵ are the estimated values of ρ∗, α∗, β∗, W ∗.
Combining Taylor’s formula expansion, the approximation

error of uSOHFNN can be expressed as

ũ = u∗
SOHFNN − ûSOHFNN

= Ψ∗TW ∗ + ε− Ψ̂T Ŵ

= (Ψ̂T + Ψ̃T )(Ŵ + W̃ )− Ψ̂T Ŵ + ε

= Ψ̂T W̃ +

(
∂Ψ̂T

∂ρ

∣∣∣∣∣ρ=ρ̂ρ̃+
∂Ψ̂T

∂α

∣∣∣∣∣α=α̂α̃

+
∂Ψ̂T

∂β

∣∣∣β=β̂ β̃ + obΨ̂T

)
Ŵ + Ψ̃T W̃ + ε

= Ψ̂T W̃ +

(
∂Ψ̂T

∂ρ

∣∣∣∣∣ρ=ρ̂ρ̃+
∂Ψ̂T

∂α

∣∣∣∣∣α=α̂α̃

+
∂Ψ̂T

∂β

∣∣∣β=β̂ β̃

)
Ŵ + ob (30)

ob = obΨ̂T Ŵ + Ψ̃T W̃ + ε (31)

where W̃ = W ∗ − Ŵ , ρ̃ = ρ∗ − ρ̃, α̃ = α∗ − α̂, β̃ = β∗ − β̂,
obΨ̂T is the high-order term of Taylor’s formula expansion at
Ψ∗T for Ψ̂T , ob represents the sum of the approximation errors
and assumption |ob| ≤ o∗bmax.

Theorem 2: For APF system (2) and practical terminal sliding
surface (6), when the adaptive parameter update law of the
SOHFNN is designed as (32)–(36), and the robust controller
urob is designed as (37), the stability of APF system is assured

˙̂ρ = − ˙̃ρ = −η1s
∂Ψ̂T

∂ρ
|ρ=ρ̂ Ŵ (32)

˙̂α = − ˙̃α = −η2s
∂Ψ̂T

∂α
|α=α̂ Ŵ (33)

˙̂
β = − ˙̃

β = −η3s
∂Ψ̂T

∂β

∣∣∣β=β̂ Ŵ (34)

˙̂
W = − ˙̃W = −η4sΨ̂

T (35)

˙̂obmax = − ˙̃obmax = η5 |s| (36)
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Fig. 3. Block diagram of STPTSMC based on SOHFNN for APF.

urob = − ôbmaxsgn(s) (37)

where õbmax = o∗bmax − ôbmax. ηi > 0, i = 1, . . . , 5.
The concluding control block diagram is illustrated in Fig. 3.
Proof: Selecting Lyapunov candidate function V2 as:

V2 =
1

2
s2 +

1

2η1
tr(ρ̃T ρ̃T ) +

1

2η2
tr(α̃TαT ) +

1

2η3
tr(β̃TβT )

+
1

2η4
tr
(
W̃T W̃T

)
+

1

2η5
tr(õbmaxõbmax) (38)

where tr()represents the trace of a matrix, ηi > 0, i = 1, . . . , 5.
Taking the derivative of V2 to get

V̇2 = sṡ+
1

η1
tr(ρ̃T ˙̃ρ

T
) +

1

η2
tr( ˙̃α

T
αT ) +

1

η3
tr

(
˙̃
β
T

βT

)

+
1

η4
tr

(
˙̃W
T

W̃T

)
+

1

η5
tr( ˙̃obmaxõbmax). (39)

When using a new controller, the derivative of the practical
terminal sliding surface can be reorganized as

ṡ = H(t, ic)− k1
√

|s|sgn(s)− s

∫
k2sgn(s)dt+ urob − ũ.

(40)

Substituting (31)–(37) into (39) to obtain

V̇2 = sH(t, ic)− k1 |s|
√
|s| − s

∫
k2sgn(s)dt

− |s| ôbmax − s · ob − |s| õbmax. (41)

From (11)–(13), it can be derived that

V̇2 ≤ − k1 |s|
√
|s| − |s| ôbmax − s · ob − |s| õbmax

≤ − k1 |s|
√
|s| − |s| ôbmax + |s| o∗

bmax
− |s| õbmax

= − k1 |s|
√
|s|+ |s| (o∗

bmax
− õbmax)− |s| ôbmax

≤ − k1 |s|
√
|s|

≤ 0. (42)

V̇2 is seminegative definite, indicating that system stability is
assured. In addition, according to (42), it can be obtained that V2

and s are bounded, then one can get that
∫ t

0 |s|
3
2 dt ≤ V2(0)−V2(t)

k1
.

TABLE I
SYSTEM PARAMETERS

Since V2(0) is bounded and V2(t) is decreasing, lim
t→∞

∫ t

0 |s|
3
2 dt

is also bounded. According to Barbalat’s lemma, it can be
concluded that lim

t→∞ s(t) = 0, such that e and ė will converge to

zero. That is to say, starting from any initial value, compensation
current can converge to reference current in front of uncertainties
[51]. The convergence and robustness of the controller have been
verified.

V. SIMULATION EVALUATION

This section evaluates the performance and benefits of the
STPTSMC using SOHFNN for APF through simulations
in MATLAB/Simulink. Specifications of APF are detailed
in Table I. The setup for simulation parameters is carefully
outlined, followed by the presentation of results and analyses
under both steady-state and dynamic conditions. Comparative
analyses further underscore the superior efficacy of this
approach compared to traditional methods.

During the simulation, the parameters for the controller are
specified as follows: k = 100;μ = 0.238; q = 3; p = 7, k1 =
10; and k2 = 300. The initial parameters of the SOHFNN are
set as X = [ic, i̇c, e], m = 5, n = 3, Ta_1 = 0.1, Ta_2 = 0.2,
Ta_3 = 10, Td_1 = 0.1, Td_2 = 0.2, Td_3 = 4, aT = 10, ϕ =
[1, 1, 1, 1, 1]T , α = 0 ∈ R5×1, β = 1 ∈ R5×1, and χ = 0.2, the
values of learning rates are designed as η1 = 10, η2 = 10,
η3 = 10, η4 = 100, and η5 = 5000.

Remark 3: The objective of APF is to modify the source
current such that it becomes a sine wave synchronized with
the sinusoidal source voltage [52]. To accomplish this goal, the
reference compensation current i∗c can be articulated as follows:

i∗c = iL − γEs sin(ωst) (43)

where γ is a proper magnitude that regulates the amplitude of
the source current, Es and ωs is the peak amplitude and angular
frequency of the source voltage, respectively.

Remark 4: This article uses 24 V ac voltage and around 5 A
current for experimental verification, mainly considering exper-
imental safety, and debugging convenience. The low-voltage
system reduces the safety risks of equipment debugging and
operation, and facilitates repeated testing without high-voltage
isolation conditions. Moreover, there still exist many low voltage
scenarios including electric motor driven, industrial robot, LED
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(a)

(b)

Fig. 4. Simulation waveform diagram using SOHFNN under steady-state.
(a) is. (b) ic and i∗c.

lighting equipment, and other variable frequency system in
real world, where the control requirements for THD are quite
stringent. In addition, 10 mH inductor and 2200 μF capacitor
is relatively large. However, this is mainly to provide a larger
energy buffer and filtering margin to cope with the effects of
switch voltage drop, measurement noise, etc., in the low-voltage
system. According to the empirical formula [53], [54], the larger
the compensating current is, the smaller the inductor value will
be. In our future study, we will build a high-power platform with
a smaller value of APF components.

A. Steady-State Simulation Results

Fig. 4 displays simulation waveform diagram using SOHFNN
under steady-state, where APF is connected into grid at 0.05 s. It
can be seen that is possesses severe distortions before compen-
sation, and is can be purified into a clean sinusoidal shape after
compensation by APF, where the developed SOHFNN imposes
high-precision tracking between ic and i∗c.

In the design of APF controllers, total harmonic distortion
(THD) is frequently utilized as a benchmark to evaluate the
efficacy of various control strategies. A lower THD value is
indicative of superior control performance. In Fig. 5, one can see

Fig. 5. Simulation spectrum analysis using SOHFNN under steady-state.
(a) iL. (b) is.

Fig. 6. Rule variation of SOHFNN.

that THD decreases from 40.30% to 1.08%, highlighting the de-
ployed strategy’s exceptional capability in harmonic reduction.
Fig. 6 displays the rule variation of SOHFNN, where one can
see the dynamic adjustment process of rule numbers, reflecting
its capability to adaptively modify in response to demands.

B. Dynamic Simulation Results

This section will show how quickly the system stabilizes after
a load change to further illustrate the controller’s responsiveness.
The additional load will be connected and disconnected at 0.35
and 0.7 s, respectively.
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(a)

(b)

Fig. 7. Simulation spectrum analysis using SOHFNN under dynamic-state.
(a) iL and is. (b) ic and i∗c.

Fig. 8. Simulation spectrum analysis using SOHFNN under load increases.

As depicted in Fig. 7, the integration of an additional parallel
nonlinear load results in an immediate surge in iL. Despite
this abrupt variation, the waveform of is still can be purified
into a sinusoidal shape within just two cycles. Load decreased
condition also reveals superior performance as shown in Fig. 7.
Figs. 8 and 9 reveal that THD still can be maintained in an ideal
level, demonstrating the efficacy and rapidity of the SOHFNN
in adapting to dynamic load.

Fig. 9. Simulation spectrum analysis using SOHFNN under load decreases.

TABLE II
RESULTS OF PARAMETER PERTURBATION

TABLE III
PERFORMANCE COMPARISON OF DIFFERENT METHODS

To verify the anti-interference performance of the controller
under fluctuations of system parameters, the ac inductance value
and the dc-side capacitance value is set as 50% and 75% of the
nominal value, respectively. The result data are given in Table II.
It can be seen that although facing parameter disturbances, the
THD still remains at a low level.

C. Comparison With Traditional Methods

To comprehensively compare the performance of SOHFNN
with PI, fractional-order SMC, and FNN, the performance com-
parison results are collected in Table III. In addition to THD,
three performance indicators including RMSE, convergence
time (CT), and execution time (ET), have also been used to
perform statistical analysis. It can be observed that the SOHFNN
exhibits superior performance over its rivals. Though ET of
SOHFNN is higher than other strategies, it is still an attractive
solution with a detailed experimental validation in the following
section.

Remark 5: In some high-precision and power-quality-
sensitive practical scenarios, such as semiconductor manufac-
turing, precision instruments, aerospace systems, and medical
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Fig. 10. Experimental platform.

Fig. 11. Detailed APF main circuit module.

Fig. 12. Experimental waveform diagram using SOHFNN under steady-state.

equipment, the requirements for THD is to be as low as possible.
In these applications, even minor harmonic may cause signal in-
terference, performance degradation, or equipment malfunction.
Therefore, controlling THD below 1.5% is of great significance
to ensure the stability and safety of above-mentioned scenarios.

VI. EXPERIMENTAL VERIFICATION

The efficacy and reliability of the SOHFNN-STPTSMC
model will be demonstrated through an experimental prototype.

Fig. 13. Experimental spectrum analysis using SOHFNN under steady-state.

Fig. 14. Experimental waveform diagram using SOHFNN under load in-
creases.

A. Structural Overview of the APF Prototype

Figs. 10 and 11 illustrate the architecture of the single-phase
APF prototype, comprising a single-phase power supply, a non-
linear load, the APF module’s main circuit, a signal collection
module, an IGBT driver, and a dSPACE controller. The signal
collection module is tasked with acquiring data regarding the dc-
side capacitor voltage, power supply voltage, load current, and
compensation current. This data enables the dSPACE controller
to generate PWM signals through triangular carrier modulation,
activating the IGBT switch to facilitate current compensation.

B. Steady-State Experimental Results

Figs. 12 and 13 present the steady-state experimental wave-
form diagram and its spectrum analysis. The waveform of iL
demonstrates notable distortion, and is with a smooth sinusoidal
waveform, whose THD is reduced to 3.94%, are observed by im-
plementing the SOHFNN-STPTSMC strategy. The experimen-
tal results demonstrate the strategy’s effectiveness in minimizing
harmonic components.

C. Dynamic Experimental Results

Similar with simulation verification, an additional load also
is connected and disconnected to test dynamic performance,
as shown in Figs. 14–17. Detailed dynamic response can be
observed through these waveforms. It is noteworthy that THD
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Fig. 15. Experimental spectrum analysis using SOHFNN under load increases.

Fig. 16. Experimental waveform diagram using SOHFNN under load de-
creases.

Fig. 17. Experimental spectrum analysis using SOHFNN under load de-
creases.

of is is 3.73% and 3.96%, respectively. Therefore, the proposed
controller exhibits excellent harmonic compensation capabili-
ties in both steady-state and dynamic scenarios.

D. Comparison With PI

In order to verify the effectiveness of the proposed method
more comprehensively, the experimental results with the tra-
ditional PI control method are collected in Figs. 18–21. It
is noteworthy that the THD is nearly 5%, which is close to

Fig. 18. Experimental waveform diagram using PI under load increases.

Fig. 19. Experimental spectrum analysis using PI under load increases.

Fig. 20. Experimental waveform diagram using PI under load decreases.

the safety boundary, using PI under dynamic condition. In the
same operation condition, the THD using the proposed scheme
remains below 4%, further demonstrating the superior harmonic
suppression performance of SOHFNN.

Remark 6: In recent years, the rapid development of very
large-scale integration technology has significantly improved
the computing power of microprocessors, making it entirely
feasible to implement complex control strategies on high-
performance DSPs [55], [56]. In addition, three-phase APF
can be decoupled into three single-phase systems, then the
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Fig. 21. Experimental spectrum analysis using PI under load decreases.

SOHFNN-STPTSMC control framework can independently op-
timize each phase, ensuring precise harmonic suppression.

VII. CONCLUSION

This article tackles the issue of APF current control amidst un-
certainties, unveiling a strategy that utilizes Hermite orthogonal
polynomials and a self-organizing mechanism, coupled with FS,
to ensure enhanced control precision and system adaptability. By
integrating Hermite orthogonal polynomials as the SOHFNN’s
activation function and implementing a self-organizing mech-
anism, the network’s architecture is streamlined, concurrently
augmenting its ability to express nonlinearities. The developed
controller benefits from STPSTM’s attributes, notably its re-
silience to disturbances and expedited convergence, ensuring
compliance with stringent system control prerequisites. To ad-
dress approximation inaccuracies, the design incorporates an
adaptive robust compensator with an adaptive law. Empirical
evidence underscores the technique’s superiority, highlighted
by its precision in steady states and agility in the dynamic
response for harmonic current correction. Prospective research
will investigate more efficacious evolutionary tactics and apply
the formulated control scheme to diverse practical scenarios.
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