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Abstract: Based on a neural network model,
the problem of �∞ filtering for systems with
time-varying delays and quantized outputs
was studied. The main objective is to develop
a quantized �∞ filter that ensures, on the
one hand, that the filtering error system (FES)
exhibits an asymptotically stable state in the
absence of external disturbances, and on the
other hand, that the system has �∞
performance with zero initial conditions. The
first step is to combine appropriate Lyapunov
Krasovskii functionals with some inequality
techniques, and through differentiation
reasoning and other methods, provide
sufficient criteria for the error system to
achieve �∞ performance. The second step is
to propose a design scheme for the required
�∞ filter using several decoupling methods
and a series of proof processes. In the final
step, the effectiveness of the designed �∞
filter method was confirmed through
numerical simulation examples and
simulation images. In summary, this work
provides a systematic and computationally
manageable method for designing quantized
�∞ filters for time-varying delay neural
networks.
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1. Introduction
It is widely recognized that neural networks
contain a large number of interconnected
neurons that can transmit and store information.
Due to its unique connection mechanism, the
neural network exhibits features such as strong
robustness, anti-distortion, adaptability, and
self-learning capabilities. Hopfield [1] designed
a content-addressable memory dynamic neural
network model based on neurobiological
knowledge. However, in a relatively large neural

network, to effectively utilize the network, the
state of neurons can be estimated from available
measurements. Subsequently, design decisions
can be made based on these estimates,
leveraging them to achieve desired system
performance, such as �∞ performance or
passivity performance. In reference [2], Yan et al.
devoted themselves to developing a Luenberger
observer that enables the FES to achieve a
predetermined exponential level of �∞
interference suppression in the event of possible
sensor failures. Tai [3] et al. considered a class
of switching neural network systems with time
delay and reaction-diffusion terms, and
developed a design method using Lyapunov
Krasovskii functionals and some inequalities.
This method not only makes the FES
exponentially stable, but also forces it to be in a
passive state under the influence of external
disturbances on the output error. Lee [4] et al.
proposed a new output feedback fuzzy control
design technique based on sampled data �2 −
�∞ filters for active suspension systems subject
to hard constraints. Using input delay method to
solve the sampling data problem of continuous
time suspension system. Zhou [5] et al.
discussed the quantization asynchronous
filtering problem of a semi-Markov switching
system described by a Takagi Sugeno fuzzy
model with multiple random delays under
deception attacks. Cai [6] et al. designed a filter
to ensure that the FES satisfies both �∞
performance and passive performance indicators
in a finite time domain. Liu [7] et al. studied the
�∞ filtering of continuous time nonlinear
systems described by Takagi Sugeno (T-S) fuzzy
models with quantization effects, and developed
a novel filter that combines dynamic
quantization mechanisms to ensure that the
quantized closed-loop system maintains the
specified performance. But in practical
engineering, the output of neural networks must
pass through an uncertain communication link to
reach the filter end. Due to limited network
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bandwidth, it may cause phenomena such as
information loss and information disorder.
Therefore, by using quantization techniques to
reduce communication rates and performing
quantization processing on output signals, such
problems can be solved to a certain extent. This
inspires the study of the �∞ filtering problem
for time-delay neural networks with quantized
outputs in this paper.
This article systematically studies the �∞
filtering problem of a class of neural networks
that simultaneously have time-varying delays
and quantized outputs. The research objective is
to design an �∞ filter that includes a
quantization step to ensure that the FES can
meet the given �∞ performance indicators with
zero initial conditions. Firstly, by selecting
appropriate Lyapunov Krasovskii functionals
and utilizing several recently developed integral
inequality techniques, a sufficient criterion has
been established for the �∞ performance of the
filtering error system. Secondly, based on this
criterion, supplemented by various decoupling
methods, the specific design steps of the �∞
filter are provided. Ultimately, an example was
used to verify the applicability of the designed
quantized �∞ filter in suppressing interference
and quantization errors.

2. Prerequisite Knowledge
The symbols involved in the subsequent content
are defined in Table 1.

Table 1. Symbol Table
Symbol Explanation
ℝ�×� real matrix with � rows and columns
ℝ� �-dimensional Euclidean space
�+

� �- dimensional positive definite matrix
�� � × � real symmetric matrix

�−1 and
��

inverse matrix of � and transpose
matrix of �

��(�) � + ��

� Euclidean norm of vector �
� appropriate dimensional identity matrix

�2[0, ∞)
the space of square integrable

infinite-dimensional vector functions
over interval [0, ∞)

��
�-dimensional column vector, the �-th
row is 1 and the remaining rows are all 0

2.1 System Model
In reference [8], a network system model under
time delay invariance was considered, and a
quantized �∞ filter was studied and designed to
assure that the FES meets �∞ performance

with zero initial conditions. But in practical
neural networks, time delay is not fixed, but may
vary over time. Therefore, when the time delay
in the system varies, the following neural
network system model is adopted:

�� � = �� � + �1� � � + �2� � � −
ℎ(�) + �1� � , (1)

� � = �1� � + �2� � − ℎ �
+ �2� � , (2)

Where � � = �1(�)⋯��(�) � ∈ ℝ� means the
neuron state, � � = �1(�)⋯��(�) � ∈ ℝ�

means the system output and � � ∈ ℝ� is an
�2 type external interference input defined on
[0, ∞) ; � = diag{ − �1, ⋯, − ��} ∈ ℝ�×� is a
self feedback matrix with �� > 0, (� = 1, … , �) ;
�1 ∈ ℝ�×�和�2 ∈ ℝ�×� is a connection weight
matrix; �1 ∈ ℝ�×�, �1 ∈ ℝ�×�, �2 ∈
ℝ�×�, �2 ∈ ℝ�×� are known parameter
matrices; � � � = �1 � � ⋯�� � � �

∈
ℝ� → ℝ� , represents the activation function that
satisfies the Lipschitz condition [9] and there
have a Lipschitz constant �� > 0 , which
satisfies inequality:

�(�2) − �(�1) ≤ �� �2 − �1 , ∀�1,�2 ∈ ℝ�.(3)
The variable delay is represented by ℎ � , and
the following inequality holds:

0 < ℎ1 < ℎ � < ℎ2, ℎ12 ≜ ℎ2 − ℎ1. (4)
After considering the role of output quantization,
the proposed filter structure can be described by
the following equation:

��� � = ��� � + �1� �� � + �2� �� � −
ℎ(�) + �� � � − �� � , (5)

�� � = �1�� � + �2�� � − ℎ(�) , (6)
Where �� � = ��1(�)⋯���(�) � ∈ ℝ� indicates
the state of the filter, �� � =
��1(�)⋯���(�) � ∈ ℝ� represents the output of
the filter; � ∈ ℝ�×� is the filter gain to be
calculated; In addition, the logarithmic quantizer
is represented by � � = �1(�1)⋯��(��) �

and satisfies
�� �� =

��ψ0, 1
1+�

��ψ0 < �� ≤ 1
1−�

��ψ0, � = 0, ± 1, ± 2, …
0, �� = 0,
−�� − �� , �� < 0,

(7)

for any � ∈ 1, …, � , where ψ0 > 0 is a
scaling scalar, where � = 1−�

1+�
(0 < � < 1)

denotes the quantization density [10].
Using the sector boundary method, � � can be
written as

� � = 1 + � �, (8)
Where � ∈ −�, � , From equation (8), the
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following FES can be established:
�� � = ��1� � − ��2� � − ℎ � + �1� � � + �2� � � − ℎ(�) + ��� � , (9)

�� � = �1� � + �2� � − ℎ(�) + �2� � , (10)
with

� � = � � − �� � , �� � = � � − �� � ,
� � � = � � � + �� � − � �� � ,

� � � − ℎ(�) = � � � − ℎ(�) + �� � − ℎ(�) − � �� � − ℎ(�) ,
��1 = � − 1 + � ��1, ��2 = 1 + � ��2, �� = �1 − 1 + � ��2.

We construct a quantization filter (as shown in
equations (5) - (6)) for the neural network
described by equations (1) - (2), with the goal of
making the FES (9) - (10) have �∞
performance. In other words:
Definition 1: Assuming that � > 0, is given and
the initial condition is set to zero, when the
following equation holds:

0

∞
��(�)� �� � �� ≤

�2
0
∞ �� � � �� ��, ∀ � ≥ 0. (11)

So, it is called that the FES (9) - (10) has
reached the �∞ interference attenuation level �,
where � represents a known positive definite
symmetric matrix.
Remark 1: It is worth noting that we can define

� � = 0
� ��(�)� �� � ��

0
� �� � � �� ��

, (12)

Thus, equation (10) can be rewritten as � � ≤
�, where � is the interference attenuation index
and also represents �∞ norm boundedness.
Remark 2: For the first time, the �∞
performance metric was introduced into the
design of filters and controllers in reference [11].
The core idea of this method is to first establish
a transfer function between random
perturbations and estimation errors, and then
minimize the maximum value of this transfer
function (i.e. its infinite norm) so that it does not
exceed a predetermined upper bound.
Lemma 1 [12]: Given matrix � ∈ �+

� , for the
differentiable function � ∈ ℝ� on the interval
�, � , the following inequality holds:

�
� �� �(�)���(�)��� ≥ 1

�−�
Ω�����{�, 3�, 5�}Ω (13)

with

Ω =

� � − � �

� � + � � −
2

� − � �

�
� � ���

� � − � � −
6

� − � �

�
��,� � � � ���

, ��,� �

= 2
� − �
� − �

− 1.

Lemma 2 [13]: If �1 and �2 are real matrices
with arbitrary dimension matching, then there

exists a constant � greater than zero, which
satisfies the following condition:

�1�2
� + �2�1

� ≤ 1
�
�1�1

� + ��2�2
�. (14)

Lemma 3 [14]: (Convex Combination Inequality)
For any given matrix � ∈ �+

� , assuming a matrix
� ∈ ℝ�×� satisfies the condition:

� �
∗ � ≥0, (15)

then there is
1
�

� 0

0
1

1 − �
�

≥ � �
∗ � , ∀α ∈ 0, 1 .

3. Main Results
Theorem 1 Given a parameter γ > 0 and a
known matrix � , assuming the existence of
matrices � = (���)5×5 ∈ �+

5�, �1, �2, �1, �2 ∈
�+

� , �1, �2 ∈ ℝ�×�, �1, �2 ∈ ℝ18�×2� , diagonal
matrices �1, �2 ∈ �+

� , and matrix � ∈ ℝ3�×3� ,
the following inequality holds

� = ��2 �
�� ��2

≥ 0, (16)

� ℎ(�) = �0 ℎ(�) − ���� < 0, (17)
for any ℎ(�) ∈ ℎ1, ℎ2 , where

�0 ℎ(�) = �� �1
� ℎ(�) ��0 + �1�1 ℎ �

+ �2�2 ℎ � + �6
����7 + ��1

+ �18
� ℎ1

2�1 + ℎ12
2 �2 �18 − �2

���1�2

+ �5
���2�5 + �1

���1 − �2�17
� �17,

��2 = ���� ��
2�1, ��

2�2, − �1, − �2 ,
��1 = ���� 2�1, − �1 + �2, 0�×�,

− �2, 014�×14� ,
�� = �1 �2

�,
��� = ���� ��, 3��, 5�� , � = 1,2,

�0 = �18
� �1

� − �2
� �1

� + �2
� − 2�5

� �2
� − �4

� ��0
� �,

��0 = ℎ12 �2 + �4 − 2 �11 + �13 ,
�1 ℎ � = �1

� ℎ1�5
� ℎ1�6

� �11
� + �13

� ��1
� ℎ �

�
,

��1 ℎ � = ℎ2 − ℎ � �11 + �14
+ ℎ � − ℎ1 �12 − �13 ,

�2 = �1
� − �2

� �1
� + �2

� − 2�5
� �1

� − �2
� − 6�6

� �,
�3 = �2

� − �3
� �2

� + �3
� − 2�7

� �2
� − �3

� − 6�8
� �,

�4
= �3

� − �4
� �3

� + �4
� − 2�9

� �3
� − �4

� − 6�10
� �,

�5 = �1
� �3

� �15
� �16

� �, �6 =
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�18
� �1

� �,
�7 = �18 − ��1�1 + ��2�3 − �1�15 − �2�16

+ ���17,
� = �3

� �4
� �, �1 ℎ � = ℎ � − ℎ1

�7
�8

−
�11
�12

,

�2 ℎ � = ℎ2 − ℎ �
�9
�10

−
�13
�14

,
�� = 0�×(�−1)� �� 0�×(18−�)� �, � = 1, …, 18,

This indicates that the error systems (9) - (10)
can be regarded as having a � level �∞
anti-interference ability in the zero initial state.
Proof: Setting

� � =
��� �0 � , �1 � , �2 � , �3 � , �4 � , �5 � , �6 � , (18)
with

�0 � =
�� � �� � − ℎ1 �� � − ℎ � �� � − ℎ2

�
,

�1 � =
1
ℎ1 −ℎ1

0 ��
� � ��� −ℎ1

0 �1(�)��
� � ���

�
,

�2 � =
1

ℎ � −ℎ1 −ℎ �
−ℎ1 ��

� � ��� −ℎ �
−ℎ1 �2(�)��

� � ���
�
,

�3 � =
1

ℎ2−ℎ � −ℎ2

−ℎ � ��
� � ��� −ℎ2

−ℎ � �3(�)��
� � ���

�
,

�4 � = ℎ � − ℎ1 �2 � , �5 � = ℎ2 − ℎ � �3 � ,

�6 � = �� � � �� � � − ℎ � ��(�) �� � �
�

,
�� � = � � + � ,
�1 � = 2 �+ℎ1

ℎ1
− 1, �2 � = 2 �+ℎ �

ℎ � −ℎ1
− 1,

�3 � = 2 �+ℎ2

ℎ2−ℎ �
− 1, �4 � = 2 �+ℎ2

ℎ12
− 1.

It can be noted that �1 ℎ � � � =
�2 ℎ � � � = 0 , for any matrix �1, �2 ∈
ℝ18�×2�, we can obtain the following equation:
2�� � �1�1 ℎ � + �2�2 ℎ � � � = 0. (19)
Furthermore, for any matrix �1, �2 ∈ ℝ�×� and
any diagonal matrix �1, �2 ∈ ��×� , we can
obtain

�� � �� �6
����7 �(�) = 0, (20)

�� � �5
���2�5 �(�) ≥ 0. (21)

Introducing a new form of Lyapunov Krasovsky
functional:
� ��, ��� = �1 �� + �2 �� + �3 ��, ��� , (22)
�1 �� = �−ℎ1

� �� � �1� � �� +�

�−ℎ2

�−ℎ1 �� � �2� � ��� ,
�2 �� = ��� � ��� � ,

�3 ��, ��� = ℎ1
−ℎ1

0

�+�

�
�� � ��� �1�� � ����

+ ℎ12
−ℎ2

−ℎ1

�+�

�
�� � ��� �2�� � ����,

with
�� � = ��� � � , ℎ1�1 � , �7 �

�7 �

=
−ℎ2

−ℎ1
��

� � ���
−ℎ2

−ℎ1
�4(�)��

� � ���
�

.

By taking the derivative sequentially, the
derivative of �1 �� can obtain:

�� 1 �� = �� � ��1� � − �� � �1� � . (23)
Due to

ℎ12�4 � = ℎ � − ℎ1 �2 � + ℎ2 − ℎ � ,
ℎ12�4 � = ℎ2 − ℎ � �3 � + ℎ � − ℎ1 , (24)

So, we can write

�7 � =
�11 + �13

��1 ℎ � � � . (25)

By combining � � = �1� � , ℎ1�1 � =
ℎ1 �5

� �6
� �� � , with the above expression,

and then taking the derivative of �2 �� , we can
calculate

�� 2 �� = 2��� � ���� � =
�� � �� �1

� ℎ(�) ��0 � � . (26)
In addition, by making use of Lemma 1 and
Lemma 3, the derivative of �3 ��, ��� can be
derived as:

�� 3 ��, ��� = ℎ1
2�� � � �1�� � + ℎ12

2 �� � � �2�� �

− ℎ1
�−ℎ1

�
�� � � �1�� � ���

− ℎ12
�−ℎ2

�−ℎ1

�� � � �2�� � ���

≤ �� � �18
� ℎ1

2�1 + ℎ12
2 �2 �18 − �2

���1�2 − ���� � � . (27)
By combining equations (19)- (21), (23) and (26)
- (27), we can easily derive the following
inequality

�� ��, ��� ≤ �� � �� �1
� ℎ(�) ��0 + �1�1 ℎ � +

�2�2 ℎ � + �6
����7 + ��1 + �18

� ℎ1
2�1 +

ℎ12
2 �2 �18− �2

���1�2 + �5
���2�5 − ���� � � . (28)

Next step, we will demonstrate the performance
of �∞. Define

� ≜ 0
� �� � �� � − �2�� � � �� ��. (29)

With the zero initial conditions, integrate
�� ��, ��� from 0 to � , and according to the
Newton Leibniz formula, it can be obtained:

0
� �� ��, ��� �� = � � − �(0)� . (30)

And because � � > 0, it can be concluded that
� = � +

0

�
�� ��, ��� �� − � � − �(0)�

≤ � + 0
� �� ��, ��� ��� = 0

� �� � � ℎ(�) � � ��� . (31)
By using inequality (17), we can conclude that
� ≤ 0, which means that

0
� ��(�)� �� � �� ≤ �2

0
� �� � � �� ��, (32)

Further, the following inequality can be derived:
0
∞ ��(�)� �� � �� ≤ �2

0
∞ �� � � �� ��. (33)

It is not difficult to see from this that equation
(11) is satisfied, thus confirming that when the
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initial condition is zero, systems (9) - (10) have
an �∞ disturbance attenuation level � with
zero initial conditions.
Remark 3: The criterion for the �∞
interference attenuation performance of
quantized filtering error systems (9) - (10) is
given by Theorem 1. It is not difficult to observe
that when �(�) ≡ 0, we can know

�� ��, ��� ≤− �� � �� � , (34)
Therefore, according to the Lyapunov stability
theory, the criterion of Theorem 1 ensures that
the FES (9) - (10) is asymptotically stable in the
absence of external disturbances.
Based on Theorem 1, a design strategy based on
linear matrix inequality (LMI) can be developed
under varying time delays, as shown below
Theorem 2 Given parameters γ > 0, �1 >
0, �2 > 0 , � > 0 and a known matrix � , if
there exists a scalar � > 0 , the matrices � =
(���)5×5 ∈ �+

3�, �1, �2, �1, �2 ∈ �+
� , �1, �2 ∈

ℝ18�×2�, � ∈ ℝ�×� , diagonal matrices
�1, �2 ∈ �+

� , and matrix � ∈ ℝ3�×3� such that
the following LMIs holds:

� = ��2 �
�� ��2

≥ 0, (35)

�1 ℎ(�) − ���� ��1
∗ −��

< 0, (36)

Where
�1 ℎ(�) = �� �1

� ℎ(�) ��0 + �1�1 ℎ �

+ �2�2 ℎ � + ��1 + ��2 + ��1

+ �18
� ℎ1

2�1 + ℎ12
2 �2 �18

− �2
���1�2 + �5

���2�5 + �1
���1

− �2�17
� �17 + ��2�2

�,
��1 = �� �18

� − �1��1 + �1�11� �1
− �1�18

� ��2�3 + �1�18
� �11�1�15

+ �1�18
� �11�2�16+ �18

� − �1��2
+ �1�11�1 �17 − �1�18

� �11�18 ,
��2 = �� �1

� − �2��1 + �2�11� �1
− �2�1

���2�3 + �2�1
��11�1�15

+ �2�1
��11�2�16+ �1

� − �2��2
+ �2�11�1 �17 − �2�1

��11�18 ,
�1 = − �2�� 016�×16� − �1�� �,
�2 = �1 0 �2 013�×13� �2 0 �,

Referring to Theorem 1 for other symbols, the
system (5) - (6) when the gain matrix � = �11

−1�
is the quantized �∞ filter required for neural
networks (1) - (2).
Proof: Let �1 =− �1�11, �2 =− �2�11 . So, it
makes the following equation holds:

�6
����7 = ��1 + ��2 − ��1�18

� ��1�1 −

��1�18
� ��2�3 − ��1�8

���2�17 − ��2�1
���1�1 −

��2�1
���2�3 − ��2�1

���2�17. (37)
According to the above equation, equation (37)
can be rewritten as:

��1(ℎ(�)) + �� ��1�2
� < 0, (38)

with
��1(ℎ(�)) = �� �1

� ℎ(�) ��0 + �1�1 ℎ �
+ �2�2 ℎ � + ��1 + ��2 + ��1
+ �18

� ℎ1
2�1 + ℎ12

2 �2 �18 − �2
���1�2

+ �5
���2�5 + �1

���1 − �2�17
� �17.

Furthermore, From Lemma 2, it can be
concluded that if

��1(ℎ(�)) + �2

�
�1�1

� + ��2�2
� < 0. (39)

So it can be proven that equations (9) - (10) hold
true. Then, by setting � = �11

−1� and using
Schur complement, we can reorganize equation
(39) into equation (36). In this way, it is proved
that the conditions in the theorem imply the
conditions in Theorem 1, thereby ensuring the
�∞ performance of systems (9) - (10) under
zero initial conditions.

4. Numerical Simulation Example
For the sake of verifying the applicability of the
quantization filter design method in this article, a
numerical example is provided and
corresponding simulation analysis is conducted
in this section.
The modeling of a dual neuron neural network is
affected by time-varying delays and the
following parameters:

� = −1 0
0 −3.5 , �1 = −1 0.4

0 −0.1 ,

�2 = 0.2 −0.8
0.4 0.5 , � = 1 0

0 1 ,

�1 = 1
−1 , �1 = 1 0 , �2 = 0.5 1 , �2

= 1 , � � = �−�.
The activation function is selected as � � � =
���ℎ �1(�) ���ℎ �2(�) � . Please note that

� � � satisfies equation (3) and �� = 1 . In
addition, the initial conditions for the neuron
state and filter state are set to
� � = −3.2

1.5 , �� � = 2.4
−2.1 , � ∈ −1, 0 .

Meanwhile, assuming the time delay is given by
ℎ � = 1 − 0.5��� ( − �) , and ℎ1 = 0.5, ℎ2 =
1. By setting � = 0.2, �1 = 0.3 and �2 = 0.8 ,
we can obtain the optimal � value of 0.88, and
solve the LMI in equation (21) using a solver in
MATLAB, which can generate
�11 = 103 ∗ 0.9131 0.1235

0.1235 4.3826 , � = 774.2565
110.1453 .

Therefore, according to Theorem 2, the value of
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the matrix � can be calculated as:
� = �11

−1� = 0.8501
0.0011

And, the systems (9) - (10) containing the gain
matrix are the required quantized �∞ filters.
The simulation results of the �∞ filter design in
this article are shown in Figure 1-4. Figure 1
shows the motion trajectory of state �1 � and
its estimated value ��1 � ; Similarly, the
trajectory of state �2 � and its estimated value
��2 � are shown in Figure 2; It can be observed
that each estimated state closely follows its true
counterpart, demonstrating the satisfactory
tracking performance of the designed filter.
Figure 3 shows the dynamic variation of filtering
error �(�) , and it is easy to conclude that the
filtering error �(�) ultimately converges to
zero.

Figure 1. The Motion Trajectory of State
�� � and Its Estimate ��� �

Figure 2. The Motion Trajectory of State
�� � and Its Estimate ��� �

Figure 3. The Motion Trajectory of Filtering
Error �(�)

Figure 4. The Motion Trajectory of �(�)
According to the simulation results shown in
Figure 4, it can be easily observed that as the
time parameter � gradually increases, the
performance indicator function �(�) gradually
stabilizes and eventually converges to a stable
value of about 0.29. At the same time, the
minimum �∞ performance index pre-set in the
design process is ���� = 0.88 . Obviously, the
�(�) value (0.29) at steady state is much smaller
than ���� = 0.88, indicating that the actual �∞
noise attenuation level achieved by the system
under the conditions of time-varying delay and
output quantization is better than the
performance bound required by the design.
Therefore, this result fully verifies that the �∞
filter designed in this paper can effectively
suppress external disturbances and quantization
errors, and has good robustness and expected
filtering effect.

5. Conclusion
This article focuses on the �∞ problem of
neural network models with time-varying delays
and output quantization, and draws the following
conclusions:
(1) Stability and performance criteria: By
constructing a new form of Lyapunov functional
and combining it with the Bessel Legendre
inequality, the conditions for ensuring
asymptotic stability of the system and satisfying
the given �∞ performance index are derived.
This criterion is expressed in the form of LMI
and has low conservatism.
(2) Filter design method: Based on the above
criteria, combined with decoupling strategies
such as projection method and variable
replacement method, as well as related
inequality techniques, the solution of filter
parameters is transformed into a solvable LMI
constrained optimization problem, achieving
effective design of the required �∞ filter.
(3) Numerical verification: Through a numerical
example, the filtering effect was compared and
analyzed under different time delay change rates

Journal of Engineering System (ISSN: 2959-0604) Vol. 4 No. 2, 2026 367

Copyright @ STEMM Institute Press http://www.stemmpress.com



and quantization accuracy. The results show that
the designed filter can maintain system stability
and meet the preset �∞ performance under the
influence of rapid time delay and quantization
error, verifying the applicability and
effectiveness of the method.

Acknowledgments
This research was supported by the projects of
the Education Department of Anhui Province
(Grant Nos. 2023AH052487 and
2023AH052489).

References
[1] Hopfield J J. Neural networks and physical

systems with emergent collective
computational abilities. Proceeding of the
National Academy of Science, 1982, 79(8):
2554-2558.

[2] Yan Z, Guo T, Zhao A, et al. Reliable
exponential �∞ filtering for a class of
switched reaction-diffusion neural networks.
Applied Mathematics and Computation,
2022, 414: 126661.

[3] Tai W, Xu D, Guo T, et al. Exponential
passive filter design for switched neural
networks with time-delay and
reaction-diffusion terms. Modern Physics
Letters B, 2021, 35(25): 2150434.

[4] Lee Y J, Pae D S, Choi H D, et al.
Sampled-data L 2-L∞ filter-based fuzzy
control for active suspensions. IEEE Access,
2023, 11: 21068-21080.

[5] Zhou Y, Chang X H, Park J H. Quantized
asynchronous filtering for fuzzy
semi-Markov switching systems with
multiple stochastic delays under deception
attacks. IEEE Transactions on Fuzzy
Systems, 2024, 32(4): 2378-2389.

[6] Cai L J, Chang X H. Finite‐time mixed �∞
and passive filtering for nonlinear singular
systems under fading channels. International

Journal of Robust and Nonlinear Control,
2024, 34(12): 7891-7911.

[7] Liu C, Liu G, Wang W, et al. Quantized H∞
Filtering for Nonlinear Systems via
Lyapunov Functions//2025 China
Automation Congress (CAC). IEEE, 2025:
1412-1417.

[8] Han J, Xia Y, Zhang L, et al. H∞ filtering of
a constant time delay neural networks with
quantized output//2023 3rd International
Conference on Intelligent Power and
Systems (ICIPS). IEEE, 2023: 598-602.

[9] Meng X, Kao Y, Karimi H R, et al. Global
Mittag-Leffler stability for fractional-order
coupled systems on network without strong
connectedness. Science China Information
Sciences, 2020, 63(3): 132201.

[10]Liu Y, Fang F, Park J H, et al.
Asynchronous output feedback dissipative
control of Markovian jump systems with
input time delay and quantized
measurements. Nonlinear Analysis: Hybrid
Systems, 2019, 31: 109-122.

[11]Zames G. Feedback and optimal sensitivity:
Model reference transformations,
multiplicative seminorms, and approximate
inverses. IEEE Transactions on automatic
control, 1981, 26(2): 301-320.

[12]Seuret A, Gouaisbaut F. Hierarchy of LMI
conditions for the stability analysis of
time-delay systems. Systems & Control
Letters, 2015, 81: 1-7.

[13]Zhou K, Khargonekar P P. Robust
stabilization of linear systems with
norm-bounded time-varying uncertainty.
Systems & Control Letters, 1988, 10(1):
17-20.

[14]Park P G, Ko J W, Jeong C. Reciprocally
convex approach to stability of systems with
time-varying delays. Automatica, 2011,
47(1): 235-238.

368 Journal of Engineering System (ISSN: 2959-0604) Vol. 4 No. 2, 2026

http://www.stemmpress.com Copyright @ STEMM Institute Press




