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Introduction: In response to the high demand for dynamic characteristics and
control in current electromechanical automatic control systems.

Methods: This study first analyzes the dual motor system. A novel
electromechanical control automation model based on a dual motor control
algorithm is proposed through the control strategy of dual motor backlash
elimination and digital proportional integral derivative control algorithm.

Results and Discussion: The results indicated that the optimization of the model
had a promoting effect on the control performance of the electromechanical
automatic control system. Compared with other popular electromechanical
control automation models of the same type, the performance of the
research method was the best. During the no-load start-up phase, the
maximum tracking error and synchronization error speed of the proposed
new electromechanical control automation model showed a significant
decreasing trend, with the maximum synchronization error between the two
motors being only 0.02%. Under steady-state sudden load, the research model
could reach a stable state within 3 s, with errors within ±5%.

Conclusion: In summary, combining the dual motor control algorithm with the
electromechanical control automation method can provide a theoretical basis
and practical guidance for designing and implementing efficient dual motor
electromechanical control systems.
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1 Introduction

With the rapid development of industrial automation and intelligent manufacturing,
the performance of Automatic Electromechanical Control System (AECS) has an
increasingly significant impact on the production efficiency and product quality of
industrial robots (Wang et al., 2024). Therefore, in recent years, the design of
Electromechanical Control Automation (ECA) for industrial robots has become a
research direction for many industry researchers. Xi Y et al. proposed an AECS based
on a Programmable Logic Controller (PLC) to address the shortcomings of traditional
AECS operations that still require a large amount of manual labor and are difficult to
achieve fully automated development of electromechanical control. In the error comparison
test of a real simulation environment, AECS based on PLC technology had higher
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performance compared to traditional AECS (Xi and Xing, 2021).
Zhao Y et al. analyzed the AECS transmission failure problem in rail
transit due to harsh working conditions and proposed a gap
adjustment control strategy that does not require clamping force
sensors. This method solved the high-frequency flutter phenomenon
of traditional nonlinear Extended State Observers (ESO) and
ensured the anti-interference ability of AECS (Zhao et al., 2022).
Varga et al. designed a new fractional order controller by combining
simple weighting and feedback design to address the situation where
fractional order controllers have not been widely applied in AECS
due to their complex mathematical background. This method could
effectively promote AECS to overcome its various forms of
limitations and improve the stability of AECS output (Varga
et al., 2024). Sarangapani et al. summarized the strategy of using
the Internet of Things to track and regulate the market in the
artificial intelligence industry. They designed a smart home AECS by
optimizing the entire hardware assembly and software algorithms.
This system could protect electrical appliances while minimizing
energy waste to the greatest extent possible (Sarangapani
et al., 2021).

The requirement for achieving AECS intelligence is to efficiently
and reasonably apply Motor Control Algorithms (MCA). Excellent
MCA is crucial for ensuring the efficient operation of the control
system. The Proportional-Integral-Derivative (PID) control
algorithm has a simple structure and is easy to implement, which
has led to its widespread application in industrial control (Tian and
Zhang, 2023). Li C et al. designed an electromechanical actuator
control system using fuzzy PID to meet the performance
requirements of modern aviation aircraft. The dynamic and
stable performance of discrete fuzzy PID control was superior to
traditional PID control, making it more suitable for
electromechanical actuator systems (Li et al., 2021). Wang et al.
proposed a cabin pressure control system based on grey wolf
algorithm and fuzzy PID control method to handle the issues of
large overshoot and long adjustment time in traditional control
methods. The proposed method not only solved the dynamic
features of the system, reduced cabin pressure errors and
adjustment time but also stabilized the control process and
improved passenger comfort (Wang et al., 2024). To cope with
the impact of the novel Coronavirus Disease 2019 (COVID-19) on
industrial plants, Chen S F established a blockchain network
architecture using the Convolutional Neural Network (CNN) and
fractional PID control algorithm. Compared with traditional
manual operations, this method has increased factory efficiency
by more than 50% (Chen, 2022). Chen J et al. proposed a
temperature control method based on Genetic Algorithm (GA)
and fuzzy PID to address the limitations of traditional PID
control methods in achieving high-performance control. This
temperature control method had fast response speed, short
settling time, small overshoot and steady-state error, and strong
robustness, and its performance was superior to ordinary PID
methods (Chen et al., 2021).

In summary, industry researchers have proposed a variety of
methods in ECA, and these methods have played a positive role in
improving the productivity and product quality of industrial robots.
However, these methods still face some problems in practical
application, especially the problems of large synchronisation
error, large real-time computation, and overshooting

phenomenon that is easy to occur when the motor starts. In
particular, large synchronisation errors can lead to
inconsistencies in mechanical operations, affecting the overall
performance of the method. Large real-time computation
volumes can cause delays in the system response, reducing
productivity. Overshooting during motor start-up can damage
mechanical components and shorten the life of the equipment.
Despite the efforts of numerous studies to enhance the
functionality of AECS through the integration of diverse PID
control methods, the current limitations remain. These include
insufficient control precision to mitigate the combined impact of
external factors and the inability to fully optimize the control
system’s overall performance. Therefore, the study innovatively
proposes a dual-MCA and an ECA model based on the dual-
MCA. It aims at a finer control strategy to effectively reduce the
synchronisation error, improve the real-time response capability of
the system, and mitigate the overshooting problem during motor
start-up. Moreover, the model is capable of augmenting the
comprehensive synergistic functionality of the control system,
thereby optimizing the precision of control. This enables the
system to sustain robust stability and reliability across diverse
environmental contexts, thus facilitating digital and intelligent
electromechanical control in industrial control settings. This
research is divided into four sections. The first section introduces
the related work and background. The second section describes how
the dual-MCA is improved and how the mechatronic control
automation model is established, respectively. The third section
shows the performance test of the novel method. The last section
concludes the article.

2 Methods and materials

To better control AECS and promote the integration of dual-
MCA and AECS, thereby achieving automation of AECS system,
the study first analyzes the dual motor system. The paper
discusses the deficiencies in the current system from the
perspectives of MCA and control strategy selection. A dual-
MCA is proposed by adopting the Dual Motor Backlash
Compensation (DMBC) strategy and incremental PID control
algorithm. Secondly, a novel ECA model based on dual-MCA is
proposed by combining it with an improved Remote Control
Coupling System (RCCS).

2.1 Construction of DMBC-MFAC-PID dual
motor control algorithm

At present, to achieve more efficient and precise automation
control, it is necessary to propose a strategy and method for
collaborative control of two motors, namely, dual-MCA
(Kuznetsov et al., 2024). However, the construction of dual-MCA
is a complex process that involves multiple aspects such as the
establishment of motor models, selection of control strategies,
implementation of algorithms, and system debugging (Liu and
Zhao, 2022; Xue et al., 2024). This study explores the selection of
algorithms and control strategies. The dual motor system is shown
in Figure 1.
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In Figure 1, the dual motor control system consists of paired
motors, reducers, small gears, a large gear, and a load. It adopts a
torque curve design to apply compensating torque to two motors.
During system startup or steering, one motor is responsible for
outputting driving torque while the other provides braking torque.
Upon a change in direction of motion, the motor that is previously
responsible for providing braking torque is converted to output
driving torque, and vice versa. This ensures that there is always a
corresponding gear that maintains effective transmission
engagement with another gear. As the system completes startup
and steering, and the load torque increases, the system will gradually
reduce the compensation torque, allowing the two motors to work
together and share the drive of the load. Considering the three loop
control of position, speed, and current in a dual motor system, this
study uses DMBC to apply bias torque to the motor to achieve linear
control of torque and analyzes MCA. At present, the excellent

modern intelligent MCA mainly includes PID algorithm, Active
Disturbance Rejection Control (ADRC) algorithm, Fuzzy Control
(FC) algorithm, Sliding Mode Control (SMC) algorithm, and GA
(Pandi and Arockia, 2023). The PID control algorithm is a data-
driven method that adjusts the error between the measured value
and the set value of the controlled object to achieve stable and
accurate control. It plays a key role in motor automation control
systems (Cui et al., 2024). The structural diagram of AECS
controlled by PID algorithm is shown in Figure 2.

In Figure 2, the PID algorithm mainly consists of 3 parts,
namely, the proportional part, the integral part, and the
derivative part. The output of the proportional part is
proportional to the error signal, where the larger the
proportional gain, the more sensitive the controller is to the
error response. The integral part is responsible for accumulating
and summing the error signals over time to eliminate steady-state

FIGURE 1
Structural schematic diagram of a dual motor system.

FIGURE 2
PID control structure diagram.
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errors and improve system stability. The differential part is
responsible for measuring the rate of change of the error signal,
predicting the future trend of the error, and providing advanced
control. Finally, by calculating the weighted sum of these three parts
to adjust the control input, the output of AECS can be closer to or
reach the desired set point. The calculation formula for error value
e(t) is shown in Equation 1.

e t( ) � r t( ) − y t( ) (1)
In Equation 1, r(t) and y(t) are the output and reference signals

of the control system. The formula for the output value u(t) of the
PID algorithm is shown in Equation 2.

u t( ) � kpe t( ) + ki∫
t

0
e t( )dt + kd

de t( )
dt

(2)

In Equation 2, kp, ki, and kd are proportional, integral, and
differential coefficients. The PID algorithm is mainly divided into
two forms: incremental and positional. The incremental PID does
not rely on knowledge of the actuator’s actual position, and only
requires the controller to record the recent changes in the control
signal (Park and Kim, 2023). Therefore, this study chooses
incremental PID to control AECS. The expression for the output
value u(k) of the discrete incremental PID obtained by
discretization processing is shown in Equation 3.

u k( ) � kpe k( ) + ki∑
k

j�0
e j( ) + kd e k( ) − e k − 1( )[ ] (3)

In Equation 3, the algebraic meaning remains the same as before.
The calculation of the controller input increment△u(k) is shown in
Equation 4.

△u k( ) � kp△e k( ) + kie k( ) + kd△2e k( ) (4)

In Equation 4, △e(k) represents the difference between the
current error and the previous moment’s error. The rest of the
algebraic meaning is the same as before. To alleviate the discomfort
in complex environments and nonlinear systems, and improve the
disturbance resistance of MCA, this study also introduces the
Model-Free Adaptive Control (MFAC) algorithm to improve the

incremental PID. The MFAC-PID control algorithm is constructed,
and its structure is shown in Figure 3.

In Figure 3, the MFAC algorithm is an accurate mathematical
model that does not depend on the controlled object, including
neural network structures such as multi-layer perceptrons, which
can be used to update controller parameters online and adapt to
dynamic changes in the system (Qi et al., 2021). It mainly consists of
three parts, namely, the controller, the controlled system, and
parameter identification. The controller is the core part of the
model free adaptive control algorithm, which can calculate
control actions based on system inputs and outputs without the
need to model the controlled system. The output of the controller
will directly affect the behavior of the controlled system. Parameter
identification is responsible for obtaining the parameters of the
system model. MFAC achieves effective control of complex systems
through this structural framework, without relying on precise
system models, making it particularly suitable for AECS systems
that are difficult to model or have frequent model changes. The
expression of discrete-time nonlinear L(b + 1) is shown in
Equation 5.

L b + 1( ) � f L b( ), ..., L b − nL( ), v b( ), ..., v b − nv( )( ) (5)

In Equation 5, L(b) and v(b) are the output and input of the
AECS at time b, respectively, while nL and nv are positive integers of
the input-output order. The expression for fully formatted dynamic
linearized data △L(b + 1) is shown in Equation 6.

△L b + 1( ) � ϕT
f,Dy,Du

b( )△HDy,Du b( ) (6)

In Equation 6, ϕTf,Dy,Du
(b) is an unknown but bounded pseudo

gradient. △HDy,Du(b) is a vector group composed of input and
output signals within a sliding time window. The calculation of the
control input criterion function J(v(b)) is shown in Equation 7.

J v b( )( ) � L* b + 1( ) − L b + 1( )| |2 + λ v b( ) − v b − 1( )| |2 (7)
In Equation 7, λ is the weight factor. L*(b + 1) is the expected

output signal. Based on the integration of DMBC strategy and
MFAC-PID algorithm, this study proposes a new dual-MCA,
namely, DMBC-MFAC-PID, which lays the foundation for
constructing ECA models.

FIGURE 3
Structure of the MFAC control algorithm.

Frontiers in Mechanical Engineering frontiersin.org04

Lu 10.3389/fmech.2024.1485041

https://www.frontiersin.org/journals/mechanical-engineering
https://www.frontiersin.org
https://doi.org/10.3389/fmech.2024.1485041


2.2 Construction of ECA model based on
dual-MCA

Although the DMBC-MFAC-PID algorithm exhibits good
dynamic response and anti-interference ability during the start-
up phase and steady-state of the control system under load
disturbances, it still cannot meet the requirements of dual motor
cooperative control AECS. There are mainly two ways of
coordination between motors in dual motor AECS, namely,
electrical coupling and mechanical coupling. Among them, the
electric coupling method can avoid the defect of certain degree of
wear and tear caused by long-term use of connecting components.
The most commonly used control structure in electrical coupling is
RCCS (Saminu et al., 2023), as shown in Figure 4.

In Figure 4, RCCS mainly improves the collaborative effect of
AECS system by introducing speed compensator. The output of this
compensator is not single, but is finely calculated by the SCE
between the motors. The SCEs of each motor are weighted by
their respective coupling coefficients and then comprehensively
accumulated. This not only considers the mutual influence
between the motors but also dynamically adjusts the coupling
coefficient to enable AECS to respond more flexibly to various
operating conditions, thereby significantly improving the overall
dynamic response and stability. Through this intelligent
compensation mechanism, RCCS can achieve more efficient and
accurate multi-motor coordinated control. The output ei of the
speed compensator of the motor is shown in Equation 8.

ei � Ks ∑
n

j�1,j ≠ 1

ωi − ϖj( ) (8)

In Equation 8, Ks is the coupling coefficient. ωi and ωj are the
load torque and actual speed of the motor. To improve the safety of
the system, this study adopts a closed-loop (Proportional-Integral,

PI) limiting control strategy and Differential Negative Feedback
(DNF), and an improved deviation coupled control structure is
proposed, namely, IRCCS. The structure of IRCCS is shown
in Figure 5.

In Figure 5, IRCCS mainly consists of four parts: DNF, speed
controller, current controller, and multi-motor system. IRCCS
simplifies the speed compensator to a certain extent. The speed
compensator only includes the speed difference between the
motor’s own speed and the average speed of multiple motors.
Each motor’s current loop controller input also includes a
compensation variable to control the collaborative
performance of the system. DNF suppresses overshoot and
reduces SCE. The output formula of the speed compensator
for the motor is shown in Equation 9.

ei � Ks ϖi − ϖavg( ) (9)

In Equation 9, ϖavg is the speed difference of the average speed.
The differential approximation formula z

· (t) is shown in
Equation 10.

z
·
t( ) ≈ z t − τ1( ) − z t − τ2( )

τ2 − τ1
(10)

In Equation 10, z(t − τ1) and z(t − τ2) are delayed signals. The
expression for the transfer function GIoi(s) is shown in Equation 11.

GIoi s( ) � F1 s( )F2 s( )A s( )
1 + F2 s( )A s( )B s( ) + F2 s( )G1 s( )G2 s( ) + G2 s( )G3 s( )

(11)
In Equation 11, F1(s) and F2(s) are the speed controller and

current controller. G1(s), G2(s), and G3(s) are the structure of the
motor system. A(s) and B(s) are the speed compensator
compensation amount and DNF compensation. This study
combines the DMBC-MFAC-PID control algorithm with IRCCS

FIGURE 4
Structural framework of the RCCS.
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to propose a novel ECA model based on dual-MCA (Final model).
The structure of the Final model is shown in Figure 6.

In Figure 6, the Final model based on dual-MCAmainly consists
of a position controller, a speed controller, a torque linearization
module, a speed feedback linearization module, a current controller,

a drive controller, sensors, and loads. It also includes components
such as actuators, feedback devices, and mechanical transmissions.
This study designs a torque linearization module to achieve torque
linearization control and simplify the implementation of the
DMBC-MFAC-PID algorithm. The position controller and speed

FIGURE 5
Structural framework of IRCCS.

FIGURE 6
Structure of the MCA model.
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controller are responsible for real-time monitoring of the status of
the dual motor system, as well as the inputting of the collected
position and speed information as feedback signals to the controller.
The controller generates control instructions based on feedback
signals and predetermined control strategies. The actuator receives
instructions from the controller and converts them into mechanical
motion. The Final model can achieve precise control of the load
through precise sensor feedback and advanced control strategies.

3 Results

To verify the performance of DMBC-MFAC-PID dual-MCA
and Final model, this study first built a suitable servo control system
and preprocessed the test data, using a portion of the data for
algorithm training. Secondly, performance and simulation
experiments were conducted on the DMBC-MFAC-PID
algorithm and the Final model to verify the actual effectiveness
of the ECA model.

3.1 Performance testing of DMBC-MFAC-
PID dual-MCA

This study takes the 32-bit integer angle value of each rotation
cycle as input. The actual 32-bit integer mechanical angle value of
the motor is fed back through the encoder and differentiated as the
feedback value. The Simulink dataset is used as the testing data
source and is divided into training and testing sets in an 8:2 ratio.
Table 1 shows the basic parameter configurations of two motors.

Based on Table 1, after normalizing and cleaning the data in
Simulink, this study conducts ablation tests on DMBC-MFAC-PID
dual-MCA using random sampling and accuracy as the indicator, as
shown in Figure 7.

In the training set of Figure 7, the accuracy of the four
algorithms -PID, -MFAC-PID, -DMBC-PID, and -DMBC-
MFAC-PID is 57.88%, 65.24%, 78.56%, and 95.36%, respectively.
Due to the relatively small proportion of sample data in the test set,
the accuracy of the four algorithms is relatively high, at 61.27%,
71.56%, 80.98%, and 97.66%, respectively. Therefore, the DMBC,

MFAC, and PID modules all have a positive promoting effect on the
final DMBC-MFAC-PID algorithm. The DMBC module
significantly enhances the algorithm’s ability to adapt to changes
in the system dynamics by providing finer information about the
dynamics of the model. The MFAC module improves the control
accuracy by optimizing the control signals. The PID module
achieves effective reduction of the system error by adjusting the
proportional, integral, and differential control parameters to achieve
an effective reduction of the system error. The combined effect of
these modules results in the DMBC-MFAC-PID algorithm
demonstrating superior performance on both the training and
test sets, thereby substantiating the algorithm’s efficacy in
enhancing control precision and adapting to intricate dynamic
environments. Secondly, this study introduces Direct Torque
Control (DTC) algorithm, Field Oriented Control (FOC)
algorithm, and Iterative Learning Control (ILC) algorithm as
comparisons, and conducts performance tests using position
deviation as the indicator. Figure 8 shows the specific results.

Figures 8A, B show the curves of actual position and position
deviation over time for four algorithms under position instructions.
The actual position curve will change with the variation of the
position command curve, and there is a certain delay time between
the actual position curve and the position command curve. The
position deviation values of DTC, FOC, ILC, and DMBC-MFAC-
PID throughout the entire process are within the range
of ±21°, ±18°, ±15°, and ±5°, with maximum tracking errors of
20.16°, 17.68°, 14.55°, and 4.91°. The DTC algorithm is simple and
intuitive, but its fluctuations in torque and flux control can lead to
unstable performance. Although the FOC algorithm demonstrates
efficacy in motor control, its functionality is contingent upon precise
motor parameters, and its implementation is relatively intricate. The
ILC algorithm performs well in repetitive tasks, but may require
more iterations to achieve the expected control results when facing
nonlinear time-varying systems. These factors together result in the
DTC, FOC, and ILC algorithms not performing as well as the
DMBC-MFAC-PID dual-MCA. This indicates that the proposed
DMBC-MFAC-PID dual-MCA can have more precise application
effects and less error impact. By combining the advantages of
multiple control strategies, it is possible to achieve precise control
of the electromechanical control system, especially in reducing the

TABLE 1 Basic parameter settings for both motors.

Motor Name Parameter Name Parameter

Main control motor

Control cycle 50us Fixed current 10A

Reverse electromotive force coefficient 0.161 V/(rad/s) Moment of inertia 0.00176 kg m2

Torque coefficient 0.159 N M/A Velocity ring scaling factor 900

Power supply method Dual motor power supply Velocity loop integral coefficient 300

Supply voltage 12V Position ring scale factor 100

Slave motor

Control cycle 50us Fixed current 10A

Reverse electromotive force coefficient 0.161 V/(rad/s) Moment of inertia 0.00176 kg m2

Torque coefficient 0.159 N M/A Velocity ring scaling factor 900

Power supply method Dual motor power supply Velocity loop integral coefficient 300

Supply voltage 12V Position ring scale factor 100
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tracking error and improving the stability of the system. To more
accurately quantify the performance comparison results of various
ECAs, this study continues to use precision (P), recall (R), F1 value,
and running time as reference indicators to conduct multi index
testing on the above ECAs, as listed in Table 2.

In Table 2, DMBC-MFAC-PID has good accuracy and
comprehensive quality. Its running time on the training and
testing sets is 2.12 min and 2.01 s, with P, R, and F1 values
of 93.58%, 92.57%, 93.27%, and 96.57%, 95.24%, and 95.66%,
respectively. In both datasets, DMBC-MFAC-PID has
the optimal values, demonstrating its excellent
performance on ECA.

3.2 Simulation testing of the final model

This study establishes a dual motor testing platform to conduct
simulation testing of ECA models. When verifying the rigidity of a
single motor, it is needed to keep the basic control parameters of the
motor unchanged. During the dual motor rigidity verification, the
main control motor sends the 32-bit angle values from the encoder
in real-time to the upper computer. A 0.5 kg weight and a 100 mm
aluminum rod are used to simulate the torque application method at
the outer end of the control motor shaft. In addition, this study also
introduces popular ECA models, namely, Direct Current Torque
Motor Control (DCTMC), Decoupling Control Structure (DCS),

FIGURE 7
Ablation test results of DMBC-MFAC-PID control algorithm for each module. (A) Training set. (B) Test set.

FIGURE 8
Curves of actual position and position deviation over time for four algorithms. (A) Actual position. (B) Positional deviation.
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Error Coupling Control Structure (ECCS), and compares them with
the Final model. The speed output curves of the four models during
no-load start-up are displayed in Figure 9.

Figures 9A–D show the speed output curves of DCTMC, DCS,
ECCS, and Final models during no-load start-up. Figure 9 shows

that during the no-load start-up phase, DCTMC, DCS, ECCS, and
Final model show a significant decrease in maximum tracking error
and SCE speed with similar speed. The maximum SCE between the
two motors is only 0.02%. The above data indicate that the Final
model has excellent synchronization and anti-interference

TABLE 2 Comparison test results of multiple indicators.

Data set Algorithm P/% R/% F1/% Running time/min

Training set

DTC 60.26 59.18 60.54 6.24

FOC 68.74 66.87 67.39 5.37

ILC 75.67 75.08 76.24 4.71

DMBC-MFAC-PID 93.58 92.57 93.27 2.12

Test set

DTC 65.24 65.27 65.09 6.08

FOC 70.58 71.24 70.87 4.97

ILC 80.07 80.27 80.66 4.23

DMBC-MFAC-PID 96.57 95.24 95.66 2.01

FIGURE 9
Speed output graphs of the four models at no-load startup. (A) DCTMC. (B) DCS. (C) ECCS. (D) Our model.
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performance. Figure 10 shows the speed output curves of four
models under steady-state sudden load.

Figures 10A–D show the speed output curves of DCTMC, DCS,
ECCS, and Final models under steady-state sudden load. Figure 10
shows that the Final model performs the best, followed by the ECCS
and DCS models, with DCTMC performing the worst. DCTMC,

DCS, ECCS, and Final model reach stable states at 5 s, 4 s, 3 s, and 2 s,
respectively. The maximum SCE of the Final model is only 0.3%.
This indicates that even under steady-state sudden load conditions,
the Final model can have the minimum SCE and the shortest
dynamic recovery time, while also having the best anti-
interference performance. To better describe the superiority of

FIGURE 10
Speed output graphs of the four models at steady state sudden loading. (A) DCTMC. (B) DCS. (C) ECCS. (D) Our model.

TABLE 3 Comparison test results of multiple indicators.

Methods Reference position (100rad) Reference position (10rad) References

Response time (s) Tracking error (rad) Response time (s) Tracking error (rad)

Fuzzy PID 1.70 0.300 0.42 −0.080 Li et al. (2021)

GWO-PID 1.50 0.243 0.39 −0.077 Wang et al. (2024b)

CNN-PID 1.30 0.210 0.35 −0.068 Chen et al. (2021)

Research method 1.20 0.005 0.30 −0.006 This study
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the proposed method, the study also compares the proposed method
with the rest of the published literature. The test results are shown
in Table 3.

As shown in Table 3, at the 100rad reference position, the
response time and tracking error of Fuzzy-PID, GWO-PID,
CNN-PID, and the research method are 1.70 s, 1.50 s, 1.30 s,
and 1.20 s, respectively. The tracking error is 0.300rad, 0.243rad,
0.210rad, and 0.005rad, respectively. At the 10rad reference
position, the response time and tracking error of Fuzzy-PID
are 0.42 s and −0.080rad. The response time and tracking
error of GWO-PID are 0.390 s and −0.077rad. The response
time and tracking error of CNN-PID are 0.35 s and −0.068rad.
The response time and tracking error of the research method are
0.30 s and −0.006rad. The results show that the proposed method
can maintain lower tracking error and faster response time in
different amplitude of motion control, which is attributed to the
better balance of speed and accuracy in the algorithm of the
control strategy. Although optimization techniques through
control strategies have improved the performance of Fuzzy
PID, GWO-PID, and CNN-PID to some extent, they still fall
short in terms of comprehensive response speed and tracking
accuracy compared to research methods. These results highlight
the potential of the research method in improving the
performance of electromechanical control systems.

4 Conclusion

In modern industrial automation, precise and efficient motor
control is the key to achieving high-performance automation
systems. Among them, multi-motor control has become a
demand for the development of mechatronics integration at
present. Therefore, this study proposed a novel Final model
based on DMBC-MFAC-PID dual-MCA. By working together
with two motors, it was possible to provide greater torque output
and higher dynamic response. The experiment showed that
compared with the same type of MCA, the proposed DMBC-
MFAC-PID dual-MCA had a position deviation value within ±5°,
a maximum tracking error of 4.91°, and an accuracy rate of 97.66%.
Its running time on the dataset was 2.01 s, with P, R, and F1 values
reaching 96.57%, 95.24%, and 95.66%. Simulation tests have shown
that the Final model has excellent synchronization performance and
anti-interference ability, both during the no-load start-up phase and
under steady-state sudden load conditions. The final model could

reach a stable state in 2 s. Overall, the Final model can significantly
improve the control accuracy and stability of dual motor control
systems, which is of great significance for enhancing the
performance of industrial automation equipment. However, due
to limited time and incomplete testing platform, this study only
conducted preliminary verification of the motor control system and
dual MCA. In the future, further optimization of the multi-motor
control system can be carried out to achieve comprehensiveness of
the research.
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