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With the rapid development of network communication technology and computer technology, network control system has been
applied in many di�erent �elds. Networked AC induction motor is controlled by a communication network to realize data
transmission. �is paper mainly studies the nonlinear control of induction motor based on network control system. In order to
solve the nonlinear problem of AC induction motor, this paper adopts the method of the linear resolve coupling, and combined
with the characteristics of the Internet, establishes the mathematical model of the AC induction motor, and considers the use of
the system parameter perturbation to construct the mathematical model of the AC induction motor. Aiming at the problems of
system parameter perturbation and network-induced delay in networked AC induction motor control system, the robust control
of networked AC induction motor control system is studied.�e experimental results show that the proposed control strategy can
achieve asymptotic stability of the system with parameter perturbation under the action of the controller and can achieve
asymptotic stability even with external disturbance. Compared with control strategies 1 and 2, the adjustment time of the speed
waveform oversetting phenomenon is about 0.18 s and 0.26 s, and the adjustment time of the control strategy proposed in this
paper is only 0.06 s. It is shown that the nonlinear control method of induction motor based on network control system can
signi�cantly improve the validity and stability of the system model.

1. Introduction

An AC induction motor is a nonlinear multiple-input-
output object, that is, widely used in industrial enterprises.
In recent decades, the rapid development of control science,
computer technology, and network communication tech-
nology has gradually made industrial production intelligent.
At the same time, in order to further improve the com-
patibility and expansibility of the system, researchers put
forward a networked control system based on Ethernet,
Internet, and other networks. In general, networked control
systems refer to distributed closed-loop feedback control
systems [1] that utilize communication networks to ex-
change information among various links (such as controlled
objects, actuators, sensors, and controllers) distributed at
di�erent spatial locations. For such a distributed control

system, that is, functionally, logically, and geographically
dispersed, it simpli�es the system structure, while opening
the spatial location of the system, making the complex
system simple and has the advantages of high reliability and
high openness [2].

In the process of information transmission, the inevi-
table delay phenomenon can be divided into deterministic
delay and stochastic delay according to the certainty;
according to the length of delay time, it can be divided into
long delay and short delay. To solve all kinds of delay
problems mentioned above, the methods that can be
adopted include stochastic system method, time-delay sys-
tem method, model predictive control method, robust
control method, etc. Morawski et al. converted the network
delay into �xed delay by cachingmethod and compensated it
by state observer. �e proposed delay compensation
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algorithm is suitable for the integrated communication
control system (ICCS), but the cache will artificially increase
the network delay [3]. Ogidan et al. designed the LQG
random optimal controller to compensate for the network
delay, but the compensation accuracy is low, and it is dif-
ficult to realize in practice [4]. Khanesar et al. propose a new
fuzzy sliding mode controller, which USES the fuzzy system
to estimate the nonlinear dynamic system online, and USES
Pade to approximate the network-induced delay [5].

$is paper mainly studies the nonlinear control of in-
duction motor based on the network control system, in-
troduces the control network into the operating system of
induction motor, solves the problem of tedious network
wiring, gives a clear definition of the structure and function
of each part of the network control, and establishes a
mathematical model of the system network control based on
reasonable assumptions. $e simulation results show that
the designed network controller ensures the stability of the
networked servo system. At the same time, this method has a
better inhibition effect on network transmission delay and
data packet loss, especially in the case of system disturbance
and uncertain factors, it has better dynamic performance
andmeets the control requirements of the high-performance
control system. $e nonlinear control of induction motor
based on network control system can achieve certain per-
formance index and ensure the stability of closed-loop
system.

2. Nonlinear Control of Induction Motor under
Network Control System

2.1. Network Control System

2.1.1. Development History of Network Control System.
With the development of computer technology and net-
work communication technology, industrial control system
has also produced many significant changes. Networked
control system is a product conforming to $e Times. Its
characteristic is that a computer network is introduced into
the control network, so as to connect the sensors, con-
trollers, actuators and other main components of a closed-
loop control system as a whole through the network [6, 7].
State signal acquisition and data exchange are realized
through this network resource sharing. $e wiring of
traditional point-to-point connections is avoided. It pro-
vides the convenience of remote operation and control,
increases the flexibility of the system, and also improves the
working stability of the system. $e main advantages of the
network control system lie in less system connection, high
reliability, flexible structure, easy system expansion and
maintenance, and the ability to realize information re-
source sharing.

Due to its prominent competitive advantages and high-
cost performance, Ethernet has a trend of large-scale pen-
etration into the field of industrial control. History has
proved for countless times that whoever has the right to set
standards can lead the development direction of network
communication in the future. Our country started late in this
aspect, but the development progress is rapid. We

independently developed the industrial automation stan-
dard based on Ethernet, which was recognized by the In-
ternational Electrotechnical Commission. In view of the
outstanding performance of Ethernet, it can be predicted
that it will become the next generation of Fieldbus basic
protocol, leading the development trend of Fieldbus. $e
modern network control system has the characteristics of
structure network, node intelligence, system openness, and
product integration.

It is the requirement of information age that information
networks and control networks should be connected. En-
terprise resource planning needs such an organic whole that
combines management decisions and market information
together as the structural condition. From this point of view,
the Ethernet solution greatly simplifies the design process of
enterprise computer network systems and improves the
robustness of the network.$e emergence and promotion of
the Internet have recently received extensive attention in
networked control systems. People generally seek for a mode
that can realize monitoring, management, and maintenance
functions remotely, which undoubtedly means more eco-
nomic benefits and ultimately contributes to the emergence
of NCS. In NCS, any control engineer, once given access, can
monitor the circuits of a control network from any computer
connected to the Internet. Getting rid of the on-site de-
pendency means more productivity.

2.1.2. Basic Structure of Network Control System. General
network control system structure has the following two
kinds: direct structure and hierarchical structure.

In a directly structured NCS, the system consists of a
local controller and a remote end, which contains the ac-
tuators, physical devices, and sensors. Local controller and
remote terminal in different spatial locations, through the
network control circuit, the control signal in the form of
packet transmission through the network to the actuator, its
role in the controlled object, then the sensor to interval
sampling, such as the system output of sensor signal after
sampling is encapsulated in the packet, again through the
network to transmit it to the controller, the controller
computing control signal, in circulation, in order to realize
remote network closed-loop control of [8].

In a layered NCS, the system consists of a local controller
and a remote closed-loop control system. Local controller is
responsible for regularly receiving sensor signal to calculate
the control quantity, the packaging in the packet trans-
mission through the network to the remote closed-loop
control system, the auxiliary controller at the remote
docking processed by the control signal, its role in the
controlled object, and then the output of the system through
the sensor sampling is returned to the main controller
network closed-loop control of [9]. Obviously, compared
with NCS with direct structure, there is an auxiliary con-
troller in the remote control system in layered structure
NCS, which makes the system have higher stability. How-
ever, because there are two or more closed-loop controls in
the whole control loop, the sampling period of the system is
longer.
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Replication in actual applications, the need to adopt
what kind of structure according to the requirements of the
control system performance and the location of nodes to
determine, in fact, if the remote end of the hierarchical
structure is a purely physical device, see it as a state space
model, the structure of the direct analysis method and the
control strategy can be applied to layered structure.

2.1.3. Network Control System ,eory. Many theories are
based on certain idealized assumptions at the beginning.$e
same is true of traditional control theories, such as infor-
mation transmission in the network without considering the
error, and data calculation time and transmission process are
far less than the sampling period.. However, with the in-
troduction of control networks, this assumption is no longer
valid, and time delay has become a theoretical problem that
has to be considered. Delays can be roughly divided into
three categories: object internal delays, network delays, and
computational delays.

At present, the main research ideas and objects of NCS
system are network topology and network scheduling
methods, and solutions are provided through the com-
prehensive application of operations research and control
theory to meet the real-time requirements of the control
system [10, 11]. At the same time, the delay problem and
parameter uncertainty of the network are suppressed. $e
main task of the latter is to improve the system stability,
tracking accuracy, and speed. On the basis of the inherent
communication network, namely, the communication
protocol of the control network and the delay character-
istic, the delay problem of the control object is considered
in the model, the stability of the closed-loop system is
studied, and the method of the stabilizer is given
synthetically.

2.2. Mathematical Model of Induction Motor. $e original
model of induction motor is very complex, with nonlinear,
time-varying, high-order, strong coupling characteristics,
and the mathematical model can be simplified by coordinate
transformation, which is easy to calculate. From simple to
complex, the mathematical model under the static two-
phase coordinate system is firstly derived and then extended
to the rotating coordinate system [12].

2.2.1. ,ree-Phase Mathematical Model of Induction Motor.
In order to simplify the calculation, the following as-
sumption is made in the derivation process: space harmonics
are ignored. $e three-phase stator windings are symmet-
rical and the space difference is 120, and the generated
magnetomotive force is distributed along the air gap sine.
Magnetic saturation is ignored and the self-inductance and
mutual inductance of winding are not changed. Ignore core
loss: $e influence of frequency and temperature change on
winding resistance is ignored.

$e mathematical model of induction motor includes
flux equation, voltage equation, torque equation, and
motion equation, in which the flux equation and torque

equation are algebraic equations, and the voltage
equation and motion equation are differential equations
[13].

(1) Flux Equation. For ψ of ψ � Li flux linkage equations, the
six winding magnetic chain expression is:

ψA

ψB

ψC

ψa

ψb

ψc
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LAA LAB LAC LAa LAb LAc

LBA LBB LBC LBa LBb LBc

LCA LCB LCC LCa LCb LCc

LaA LaB LaC Laa Lab Lac

LbA LbB LbC Lba Lbb Lbc

LcA LcB LcC Lca Lcb Lcc
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(1)

Type of iA, iB, . . ., Ic is the instantaneous value of the
constant rotor phase current; bits A, bits of B, . . ., all bits
of c for each phase winding magnetic chain. LAA, LBB, . . .

Lcc is the self-inductance of each winding, while other
terms are the mutual inductance between corresponding
windings. $e inductance corresponding to each phase
flux leakage of the stator is defined as stator leakage in-
ductance Lis, the inductance corresponding to each phase
flux leakage of the rotor is defined as rotor leakage Llr, the
maximum mutual inductance alternating chain of the
stator one-phase winding is stator mutual inductance Lms,
and the maximum mutual inductance alternating chain of
the rotor one-phase winding is rotor mutual inductance
Lmr. According to the symmetry of windings, leakage
inductance values are all equal, because the number of
turns of fixed rotor windings is equal after conversion,
then Lms � Lmr [14]. $erefore, self-inductance of the
stator and rotor is as follows:

LAA � LBB � LCC � Lms + Lis,

Laa � Lbb � Lcc � Lms + Lls.
(2)

If difference between three-phase windings is 120°, then
the mutual inductance value is as follows:

Lms cos
2π
3

� Lms cos −
2π
3

 ,

� −
1
2
Lms.

(3)

Given that the included angle between fixed rotor
shafting is θ, the mutual inductance between stator windings
and rotor windings is as follows:
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LAa � LaA � LBb � LbB � LCc � LcC � Lm cos θ,

LAb � LbA � LBv � LcB � LCa � LaC � Lm cos θ +
2π
3

 ,

LAc � LcA � LBa � LaB � LCb � LbC � Lm cos θ −
2π
3

 .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(4)

According to the abovementioned equation, a complete
flux linkage equation can be obtained, which is represented
by a matrix as follows:

ψs

ψr

  �
Lss Lsr

Lrs Lrr

 
is

ir
 . (5)

(2) Voltage Equation. $ree-phase voltage, rotor equation
for u�Ri+dψ/dt, expressed as a matrix form is as follows:

uA

uB

uC

ua

ub

uc
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�

RA 0 0 0 0 0

0 RB 0 0 0 0

0 0 RC 0 0 0

0 0 0 Ra 0 0

0 0 0 0 Rb 0

0 0 0 0 0 Rc
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+ P

ψA

ψB

ψC

ψa

ψb

ψc
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. (6)

Type of uA, uB, . . ., uc represents the instantaneous value
of phase voltage of stator winding and rotor winding, re-
spectively; RA, RB, . . ., Rc represents the resistance of stator
winding and rotor winding respectively; iA, ib, . . ., IC rep-
resents the instantaneous value of phase current of stator
winding and rotor winding; ψA, ψB, . . ., ψc, respectively, of
the stator winding and rotor winding phase flux instanta-
neous value; p� d/dt is the differential operator.

(3) Torque Equation. According to the principle of elec-
tromechanical energy conversion, the torque equation of
induction motor can be expressed as follows:

Te � −nLms

iAia + iBib + iCic( sin θ + iAib + iBic + iCia( 

sin θ +
2π
3

  + iAic + iBia + iCib( sin θ −
2π
3

 

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
.

(7)

(4) Equations of Motion. $e motion equation of induction
motor can be expressed as follows:

J

np

·
dωr

dt
� Te − TL. (8)

where J represents the moment of inertia of the unit; TL
represents load torque.

2.2.2. Dynamic Mathematical Model of Induction Motor in
Two-Phase Static Coordinate System. $e three-phase rotor
winding of induction motor is rotating, and the equation in

the two-phase rotating coordinate system can be obtained
only after CLARK and PARK coordinate transformation
(usually used for field-oriented control of three-phase AC
motors). $e rotation transformation can change the cou-
pling relationship between fixed and rotor windings, and the
fixed and rotor windings in relative motion are replaced by
the equivalent windings in relative rest, thus eliminating the
influence of the angle between fixed and rotor windings on
flux linkage and torque [15, 16]. $e dynamic mathematical
model of induction motor in the two-phase static coordinate
system after transformation is as follows:

(1) Voltage equation:

usα

usβ

urα

urβ

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
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�

Rs + LsP 0 LmP 0

0 Rs + LsP 0 Lmp

LmP ωrLm Rr + LrP ωrLr

−ωrLm Lmp −ωrLr Rr + Lrp

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
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isα

isβ

irα

irβ
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.
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(2) Flux equation:
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(3) Torque equation:

Te � npLm isβirα − isαirβ . (11)

2.2.3. Dynamic Mathematical Model of Induction Motor in
Two-Phase Rotating Coordinate System. Rotating coordinate
transformation is to transform the stator coordinate system and
rotor coordinate system to the same rotating orthogonal co-
ordinate system, it takes synchronous angular velocity s relative
to stator winding motion [17]. $e dynamic mathematical
model of induction motor under the two-phase rotating co-
ordinate system after transformation is as follows:

(1) Voltage equation:
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ur d

urq
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(2) Flux equation:
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(3) Torque equation:

Te � npLm isqir d − is dirq . (14)

2.3. Induction Motor Networked Control

2.3.1. Networked Control Structure. $e classical control
system structure consists of four parts, namely, controller,
actuator, sensor, and controlled object. $e controller is a
kind of device that produces output signals according to
input signals. It usually takes the difference between the
feedback signal obtained by the sensor and the reference
input signal of the system as input signals. $e actuator is a
device directly connected with the controlled object. It re-
ceives the control signal of the controller and converts it into
the required analog quantity to control the controlled object.
A sensor is a kind of state measurement device. On some
special occasions, the installation of sensor can also be
avoided, and the amount to be measured can be calculated
by introducing an observer [18, 19]. $e determination of
the controlled object is generally related to the purpose of the
design control. $e networked control system is the in-
formation channel connecting these four parts, which forms
a closed-loop control system. From the perspective of the
relationship between structure and function, the sensor has
the functions of analog/digital (A/D) conversion, data en-
capsulation, and transmission, etc. $e executor has the
functions of digital/analog (D/A) conversion, receiving data
packets, etc. $e controller is mainly based on industrial
computers or intelligent chips. $e information flow be-
tween the controller and the actuator and the sensor is
transmitted in the form of encapsulated data packets under
some common communication protocol by means of net-
work channels. Figure 1 shows the basic structure of net-
worked control systems.

$is mechanism of transmitting information in the form
of data packets ensures the efficiency of communication.
And the network bearing this information traffic, according
to the system size, performance, and the actual needs of the
application environment, can choose flexibly, such as
worldwide, industrial Ethernet, and so on. $e driving
modes of networked control systems can be divided into two
types according to the different action conditions, namely,
clock-driven and event-driven. Clock-driven means that the
network nodes perform tasks at the agreed time. $e con-
dition of the action is only time-dependent. $e so-called
event-driven refers to whether the network node ACTS
depends on whether the agreed event occurs, and if it does, it
will immediately execute the agreed task. However, event-
driven is not easy to implement, and some practical control
networks do not support event-driven methods.

2.3.2. Modeling of Networked Control Structure System of
Induction Motor. $e networked control structure of in-
duction motor can usually be realized in two ways: the
beamline structure and the layered structure. $e main
feature of the beamline structure is that the signal

transmission between the motor, controller, and sensor is
directly transmitted through the communication network
[20]. $e network undertakes the closed-loop connection of
the whole servo system, and its structural feature is that each
motor is equipped with a network interface unit, which
undertakes the function of information modulation and
demodulation. Specifically, the feedback information col-
lected by the sensor is converted into a data structure ac-
ceptable to the controller and transmitted to the controller to
form a feedback loop.$e other control structure as opposed
to the direct structure is the hierarchical structure, in which a
separate controller, called the remote controller, is installed
for each motor in the network in addition to the main
controller. $e physical distance between these controllers
and the motor body is very close, and the main controller of
the system undertakes most of the operations in the control
network and transmits the results of the operations to the
remote controller through the network. $en the remote
controller executes the motor control instructions according
to the control signal sent by the master controller and
returns the sensor measurement data to the master con-
troller [21, 22]. In the process of permanent magnet syn-
chronous motor servo control, it is found that the motor
speed is greatly affected by the current. In view of this high
sensitivity, a scheme with faster information transmission
speed should be chosen as a response. Based on this con-
sideration, the choice of the control structure of networked
permanent magnet synchronous motor is more inclined to
the hierarchical structure. Block diagram of a conventional
networked servo control system. Under the hierarchical
network control framework, the system can be roughly
divided into the following parts: (1) Remote unit: including
remote controller and remote motor; (2) main controller;
and (3) data network [23].

Each remote unit comprises a remote controller and an
induction motor. $e remote controller is responsible for
relatively simple control work, such as receiving the control
signal of the master controller transmitted through the data
network, carrying out simple control of the IDIQ flow of the
induction motor, and finally converting the control signal
into PWM signal to drive the induction motor.

At the same time, the detection data of induction motor,
such as motor speed and current, are also transmitted to the
main controller through the network. $e master controller
has powerful data processing capability and can process and
calculate the control information of several remote units, so
it is not convenient to be installed on the remote site. At the

Controlled object

Actuator ActuatorSensor Sensor

controller controller

Network

Figure 1: $e basic structure of networked control system.
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same time, the master controller can also provide an ad-
vanced real-time control algorithm, and even have fault
detection and network status monitoring, and other
functions.

In the process of network communication, due to the
limitation of its structure and function, it often causes in-
formation congestion and even data packet loss. When data
packet loss occurs, it is generally chosen to ignore the loss of
old data and keep sending the latest data. In fact, the lost data
will lose its reference value due to the long waiting time.

For the convenience of modeling, the following as-
sumptions are made for the networked induction syn-
chronous motor servo control system: (1) $e sensor is
event-driven and the sampling period is H. $e sampled
PMSM data are packaged and sent to the central controller
through the network. (2) $e central controller is event-
driven. Each time the packet arrives at the controller, the
control signal is calculated and the result is sent to the
actuator over the network. (3) the actuator is event-driven. It
is assumed that the actuator and the sensor are synchronous
and have the same sampling period h (h> 0).

$e transmission delay from the master controller to the
PMSM and the transmission delay from the sensor to the
master controller is τa and τsc, respectively, so the total delay
of the system is as follows:

τk � τca + τsc. (15)

When there is network delay in the system, the state
value collected by the controller at the moment of kh will
reach the controller at the moment of kh + τk. $e state
feedback controller can be designed as follows:

u(t) � Kx(kh), ∀t ∈ kh + τk, (k + 1)h + τk+1 . (16)

Let d(t)� t-kh, then

kh � t − d(t). (17)

where d(t) is the time delay.
Time delay nominal system is as follows:

x � Ax(t) + Adx(t − d(t)),

x(t) � Φ(t), t ∈ [−h, 0].
 (18)

where x(t)∈Rn×n is the state vector, and Ad is the appropriate
dimension matrix. D(t) is to satisfy the following conditions:

0≤d(t)≤ h. (19)

3. Simulation Test of InductionMotor Based on
Network Control System

3.1. Simulation of Networked AC Induction Motor Control
System Based on True-Time Toolbox. True-time toolkit is a
real-time network control system based on the MATLAB
simulation toolbox, the toolkit is ideal for network control
system of virtual simulation tools, according to different
network protocols, can study all kinds of network envi-
ronment change on the influence of the closed-loop control

system, especially the effect of network delay on the system
performance [24].

In networked control systems, an improved Smith es-
timator fuzzy control method is proposed to solve the
problem that the network-induced delay worsens the system
performance. Firstly, an improved Smith predictive con-
troller is introduced at the controller side to solve the
problem of mismatch between the controlled object model
and the controlled object model. Meanwhile, the cut-off
frequency of the system is increased to obtain faster system
response. $en, the controller is designed as a fuzzy con-
troller by using fuzzy control algorithm, which can achieve
better control effect and has strong robustness.

3.2. Simulation Test Parameters. Given that the core of the
internal model control strategy lies in the design of the
dynamic inverse of the controlled object, accurate motor
parameters are needed in the simulation design so as to
design a fully matched dynamic inverse. $e motor pa-
rameters used in the simulation design are the actual ex-
perimental motor parameters obtained through parameter
identification. As shown in Table 1, all parameters of the
induction motor in the simulation experiment are set.

4. Simulation Test Results of Induction Motor
Based on Network Control System

4.1. Closed-LoopResponse State of theRobustControllerWhen
d2 Is 0.1355

4.1.1. Closed-Loop Response State of a Robust Controller with
No Disturbance. When d1� 0, μ� 1 and d2� 0.1355, the
parameter selection is α� 0.5, and after two iterations, σ
1� σ2� 0. In this case, the controller gain can be obtained.
Without considering the disturbance, the initial value of the
state vector is: X(0)� [5, 10, 15, 20], and the closed-loop state
response is: X(0)� [5, 10, 15, 20].

As shown in Table 2 and Figure 2, the system with
parameter perturbation can be asymptotically stable under
the action of the controller. $e state of X1, X2, and X3
approaches and stabilizes when the time reaches 15, while
the time of X4 closed-loop response state fluctuates greatly.
$e system state does not approach 0 until the time ap-
proaches 20 from the highest—55. Its main feature can be
expressed as oscillation divergence, and the oscillation
amplitude decreases with time.

4.1.2. Closed Loop Response State of Robust Controller with
Disturbance. As shown in Figure 3 and Table 3, the initial
value of state vector is x (0)� [5, 10, 15, 20] for the random
number sequence with w(t) variance of 0.05 and the average
value of 0 when considering disturbance. It can be seen that
the system with parameter perturbation can be asymptoti-
cally stable under the action of the controller, and can still
achieve asymptotic stability in the case of external distur-
bance, which verifies the effectiveness and feasibility of the
method. $erefore, the nonlinear control method of the
induction motor based on the network control system
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achieves the predetermined performance index and ensures
the stability of the closed-loop system.

4.2. Closed Loop Response State of Robust ControllerWhen d2
Is 1.1355

4.2.1. Closed-Loop Response State of a Robust Controller with
No Disturbance. When d1� 0, μ� 1 and d2�1.13555, the
parameter selection is α� 0.5, and after two iterations, σ
1� σ2� 0. In this case, the controller gain can be obtained.
Without considering the disturbance, the initial value of the
state vector is: X(0)� [5 10 15 20], and the closed-loop state
response is: X(0)� [5, 10, 15, 20].

As shown in Table 4 and Figure 4, when D2 value is
1.1355, the closed-loop response state of robust controller
achieves asymptotic stability faster than that when D2 value
is 0.1355. Among them, X1 tends to 0 after 3 times; X2 and
X3 tend to 0 after 6 times; X4 tends to 0 faster than D2 when
the value is 0.1355.

4.2.2. Closed Loop Response State of Robust Controller with
Disturbance. As shown in Table 5 and Figure 5, the trend of
the closed-loop response state of the robust controller in the
presence of disturbance is close to that in the case of no
disturbance. It can be concluded from the above diagram
that the system with parameter perturbation can be as-
ymptotically stable under the action of the controller, and
the asymptotic stability can be achieved in the case of ex-
ternal disturbance, which verifies the effectiveness and
feasibility of the method.

4.3. No Load Low-Speed Starting Performance. $e same as
the previous two statistical indicators of patients, the
maximum, minimum, and median values of postoperative
total fluid recovery time of patients in the three groups were
still selected.

As shown in Table 6, Figures 6 and 7, comparing the
three different control strategies under no-load conditions, it
can be seen that the speed waveform of control strategy 1

Table 1: Induction motor parameters.

Parameter Numerical value Parameter Numerical value
Rated power PN 3 kW Polar logarithm np 2
Rated voltage UN 370V Stator resistance Rs 1.794Ω
DC bus voltage Udc 530V Rotor resistance Rr 1.583Ω
Rated current IN 6.4A Mutual inductance Lm 0.379H
Rated frequency fN 50Hz Stator inductance Ls 0.3952H
Given speed n 1350 r/min Rotor inductance Lr 0.3956H

Table 2: Closed loop state response of robust controller without disturbance.

2 4 6 10 14 20
X1 −5 5 −2 2 0 0
X2 −25 15 −5 2 0 0
X3 −2 2 −1 1 0 0
X4 55 −40 20 −5 2 0
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Figure 2: Closed loop state response of robust controller without disturbance.
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Figure 3: Closed loop response state of robust controller with disturbance.

Table 3: Closed loop response state of robust controller with disturbance.

2 4 6 10 14 20
X1 −2 2 −1 0 0 0
X2 −25 20 −10 2 −1 0
X3 10 5 −2 0 0 0
X4 55 −40 20 −5 −2 0

Table 4: Closed loop response state of robust controller when d2 is 1.1355.

1 2 3 6 10 20
X1 −5 2 0 0 0 0
X2 25 −5 2 0 0 0
X3 30 10 5 0 0 0
X4 70 −50 15 −5 0 0
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Figure 4: Closed loop response state of robust controller when d2 is 1.1355.
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Figure 5: Closed-loop response state of robust controller in the presence of disturbance with D2 value of 1.1355.

Table 6: Speed waveform under no load and low-speed start.

0.01 0.02 0.03 0.1 0.2 0.3
Control strategy1 60 120 110 110 100 100
Control strategy2 70 150 85 100 100 100
Control strategy3 80 90 95 100 100 100
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Figure 6: Speed waveform under no load and low-speed start(1).

Table 5: Closed-loop response state of robust controller in the presence of disturbance with D2 value of 1.1355.

1 2 3 6 10 20
X1 −5 1 0 0 0 0
X2 −30 10 2 0 0 0
X3 30 10 5 0 0 0
X4 70 −50 15 −20 5 0
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and control strategy 2 has an obvious overshoot phenom-
enon under the condition of low-speed start-up of the
system, and the adjustment time is about 0.18 s and 0.26 s. It
can be seen that control strategy 2 shortens the regulating
time, but increases the overshoot of the system under the
condition of low-speed starting, which indicates that the
ideal speed regulation effect cannot be achieved at low-
speed.$e adjusting time of the control strategy proposed in
this paper is 0.06 s, which verifies that the starting perfor-
mance of the control strategy is better than that of control
strategy 1 and control strategy 2 under no load and low-
speed conditions.

5. Conclusions

Network control system is a new type of control system
which combines computer networks, communication
technology, and control theory. It has the advantages of
remote control, resource sharing, easy maintenance, and
high flexibility. It has a wide application prospect in in-
dustrial control and other fields. It is one of the hot topics in
communication and control.

In this paper, based on the existing AC induction
motor model, the mathematical model of networked AC
induction motor is established, and it is subdivided into
discrete networked AC induction motor mathematical
model with controller parameter perturbation and ex-
ternal disturbance, and continuous networked AC in-
duction motor mathematical model with system
parameter perturbation and external disturbance. Based
on the coordinate transformation method, the three-
phase dynamic model of PMSM Based on physical
meaning is transformed into the two-phase decoupling
motor model in a rotating coordinate system $e simu-
lation module is built on the MATLAB experimental

platform; aiming at the problems of parameter pertur-
bation and network induced delay in networked AC in-
duction motor control system, the robust stabilization
problem of networked AC induction motor control sys-
tem is studied, and the time-varying delay is divided by
the method of time-delay division.

Due to the limitation of my knowledge level and re-
search time, there are some shortcomings in this paper: in
the modeling of networked AC induction motor system,
the simplified modeling method is adopted, and many
assumptions are made in the modeling. $erefore, how to
establish a more realistic model to reflect the characteristics
of the network or to establish a more general network
control system model is also one of the research hotspots in
the next step.
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