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The Response Speed Performance of Lower
Limb Rehabilitation Robots based on
Different PID Algorithms

Abstract:

Zhengyuan Dong Nowadays, the aging of the population is common in the
world, and the increase in age makes the incidence of
stroke rise sharply. The Stroke can directly affect human
movement ability, once suffering from it, it will seriously
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However, there are gaps in the research on the response
speed of different new PID algorithms. The purpose of
this paper is to introduce the traditional PID algorithm and
some new PID algorithms through literature retrieval, and
evaluate the performance of the algorithm by comparing
the response curves of different algorithms. It is found
that the fuzzy PID algorithm and the improved GWO-PID
algorithm perform better than the traditional algorithm in
terms of response speed. This paper compares the response
performance of different PID algorithms, which can not
only help researchers understand the principle of the
corresponding algorithm, but also help researchers compare
the response performance between different algorithms.
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1. Introduction evitably be more prone to disease [2]. The incidence

of stroke will rise sharply. This disease will seriously
According to the United Nations” 2022 World Pop-  affect people’s exercise ability, and the disease of
ulation outlook data and China’s seventh national walking will seriously affect the quality of life of pa-
census data, the world’s population aging phenome-  tients Therefore, it is very important to restore walk-
non is on the rise, and population aging has become a i gbility, which helps to reduce complications and
social problem that must be faced by global develop-  1astore motor work ability [3]. The lower limb Med-
ment [1]. With the growth of age, the elderly will in-  jc5] Rehabilitation Exoskeleton Robot is a medical



device that assists patients in rehabilitation training and
improves the motor function of lower limbs by integrat-
ing the mechanical structure and the intelligent electronic
control system [4], helping patients automate repetitive
and intensive training in the rehabilitation process [5].

As a new medical device, the lower limb rehabilitation ro-
bot can effectively help patients recover their motor func-
tion, but the existing robots also have some problems [6].
Good human-computer interaction can promote the devel-
opment of rehabilitation robots, but the safety and comfort
of the existing control system still need to be improved [7].
Because patients with lower limb diseases cannot control
their actions autonomously, an appropriate control algo-
rithm and response speed can effectively improve the safe-
ty and experience of the robot. The classical PID control
algorithm is widely used in mechanical control systems
due to its low complexity and relatively stable character-
istics [8]. However, due to the strong time-varying and
nonlinear factors in the process of lower limb rehabilita-
tion, the traditional PID algorithm can not complete rapid
response and accurate control. However, patients may
need to quickly adjust their posture due to sudden situa-
tions such as muscle spasms during rehabilitation training.
If the response speed is slow, the robot will not be able to
match the human action in real time. Although the reha-
bilitation robot technology has shown great potential in
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the medical field, it still needs continuous innovation to
improve its treatment ability [9]. Therefore, different new
PID algorithms are continuously developed and put into
use.

This paper aims to introduce and analyze the existing low-
er limb robots based on different PID control logic, com-
pare them and summarize their respective characteristics,
show the response speed of different control systems, and
provide readers with an algorithm response performance
comparison. On this basis, this study considers how to
improve the existing algorithms and predict the future de-
velopment trend.

2. Algorithm Framework and Basic
Principles

2.1 Classic PID Algorithm

The PID control system is composed of three parts, name-
ly, proportion, integral and differential. The PID control
algorithm uses the linear combination of proportion, inte-
gral and differential to control by calculating the system
error in real time. The classical PID algorithm is often
used in the control system of the lower limb rehabilitation
robot. The overall structure is shown in Figure 1 below.
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Fig. 1 Block diagram of PID control system [10]

The linear combination relationship between input and
output and proportion, integral and differential in the PID
system block diagram is as follows.

u(t)=Kpe(t)+K, J‘f)e(t)dt+KDdiT(tt) (1)

K, is the proportional adjustment coefficient, K, is the

integral adjustment coefficient, and K, is the differential
adjustment coefficient. These parameters correspond to
the three control modes of the PID control algorithm, and
e(T) represents the function of the difference between the
current value and the target value of the system over time.

The K Pe(t) part is proportional control, which adjusts the

output value by ensuring that the corrected output of the
system is proportional to the difference at the current time,

and uses K, for adjustment. The larger the system differ-

ence is, the more supplementary the proportional control
provides, and the greater the corresponding control force.

The K, J. ge(t)dt is an integral control, which adjusts the

output value by ensuring that the final output of the sys-
tem is in positive proportion to the difference accumulated
over time, and uses K, to adjust. As long as the difference
exists, the integral control will control by accumulating
the difference several times to eliminate the steady-state
error that cannot be eliminated by the proportional control.
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de(t
The K D% part is differential control, which adjusts

the output value by ensuring that the final output of the
system is proportional to the change rate of the difference,

and uses K, to adjust. The differential control algorithm

does not pay attention to the difference of the system, but
predicts the direction and controls in advance through the
change speed and direction of the difference to prevent the
system from exceeding the set value.

Jinhao team from Chongqing University of Technology
developed a lower limb gait rehabilitation training robot.
The PID control method was used as the passive control
method of the system, and the effectiveness of passive
training was verified by comparing the planned trajectory
with the actual trajectory. According to the trajectory anal-

ysis of ankle and knee joints, it is successfully confirmed
that the algorithm can meet the operation requirements

[11].
2.2 Fuzzy PID Algorithm

Fuzzy theory transforms human thinking into specific
fuzzy rules and identifies them by computer. It is usually
used in the control of the complex application environ-
ment [10]. While retaining the basic framework of the
original PID algorithm, the fuzzy PID algorithm combines
the fuzzy theory with it, and uses the fuzzy controller to
establish a parameter self-adjusting mechanism to adjust
the three PID parameters in real time. Its overall frame-
work is shown in Figure 2 below.
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Fig. 2 Block diagram of Fuzzy-PID control system [10]

The fuzzy PID algorithm takes the difference between the
current value of the system and the specified value and the
change rate of the difference as input variables, and takes

AK,,AK,,AK, as output data to adjust PID parameters.
K, (1) = K, (0)+AK, (7)
K1(t):K1(0)+AK1 (t) (2)
K, (t)=Kp(t)+AK, (1)

The algorithm first converts the input difference value and

the change rate of the difference value into fuzzy language

variables through the membership function preset by the
system. Membership function is a mathematical function
that converts the accurate value into a fuzzy set grade.

Due to different subjective cognition, there is no unified

standard for membership function at present. Its general

forms are triangular membership and Gaussian member-
ship [10]. There are many expression modes of member-
ship of fuzzy sets, which are usually divided by grades
such as “NB”, “PM”. The core of a fuzzy controller is
fuzzy control rules [12]. Fuzzy control rules can calculate
the fuzzy set membership of output variables according to
the fuzzy set membership grade of input variables, which
are mostly developed by researchers’ experience or test
data analysis [10].

After fuzzifying the input data and processing the fuzzy
rule base. The system needs to clear the fuzzy quantity
into the available accurate quantity to complete the sub-
sequent control. This requires the system to infer the rela-
tionship between the fuzzy set and the data set, which is
usually converted using the maximum membership meth-
od, the center of gravity method and the area bisection
method [10]. The system will use the final data to adjust
the parameters.

Zhangwenrui team from North China University of Tech-
nology used the fuzzy PID algorithm in the design of the
wearable lower limb exoskeleton rehabilitation robot, de-
signed a fuzzy controller for the lower limb rehabilitation
robot for real-time control of single joint trajectory, and
obtained the corresponding test curve in the MATLAB en-
vironment [13].

2.3 GWO-PID Algorithm

In 2014, Australian scholar Mirjalili and others proposed
a new algorithm, the gray wolf optimization algorithm
(GWO), based on the efficient way of gray wolf coopera-
tive hunting [14]. In the improved GWO-PID algorithm,
you are a hunter. The improved GWO algorithm is equiv-
alent to an efficient wolf pack. It helps you find the best



parameters through cooperation, that is, the three PID
parameters corresponding to the first wolf to capture the
optimal response of the system. Jiangjinjin team from
Chongqing University of Technology used the improved
GWO-PID algorithm control algorithm in the pedal lower
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limb rehabilitation robot. It was tested in the cosimulation
environment of Adams and MATLAB, and the excellent
crank speed response curve was obtained. The specific
framework is shown in the Fig 3 [15].

» Improved GWO-PID algorithm
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Fig. 3 Block diagram of Improved GWO-PID control system [15]

2.3.1 The Principle of Grey Wolf Optimization Algo-
rithm

Gray wolf society follows a strict hierarchy, as shown in
the figure. The wolf alpha, the leader of the highest level,
has absolute leadership and dominates the hunting opera-
tion. The deputy leader wolf beta assists the alpha in man-
aging the colony. As the middle layer, wolf 6 obey a and
B, and provides assistance in hunting. The bottom ® wolf
with the largest number executes all superior instructions
unconditionally. Fig 4 shows the ranking of wolf packs.

Fig. 4 Ranking of wolf packs [14]
The hunting process of the gray wolf group is roughly
as follows. When wolf o was the first to find the trace

of prey, wolf  and wolf 8, who are in a lower position,
immediately cooperated to command the wolves to carry

out hunting. The wolf ® adjusts its position according to
the position of the high and low wolves, and shrinks the
encirclement synchronously from different directions ac-
cording to the leader’s instructions, gradually approaching
the target to complete the hunt.

The grey wolf optimization algorithm establishes the
model when the grey wolf surrounds the prey [15]

D=|CeX,(1)=X (1) 3)

X(t+1)=X,(t)-AD (4)
D represents the distance between the gray wolf and its
prey, X represents the direction in which the gray wolf

constantly updates, and the parameters a and C are system
vectors. Its mathematical formula is as follows:
A=2a*r—a (5)
C=2r, (6)
The parameters R1 and R2 are random variables with-
in the [0,1] interval, which affect a and C respectively,
ensuring the randomness of the algorithm. Parameter a
represents the exploration ability of wolves, and its range
is [-2,2]. As the convergence factor a decreases from 2 to
0, the value of a also changes correspondingly. When the
absolute value of a is greater than 1, the imitation wolf
pack expands its range due to the absence of prey. When
the absolute value of a gradually shrinks to less than 1,
the wolves stop searching for new areas and surround the
location of the current optimal solution. Parameter C is
always random and used to simulate the uncertainty in the
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natural environment [14]. The grey wolf optimization al-
gorithm adjusts the position of each wolf (PID parameter)
through the wolf hierarchy, and finally captures prey (PID
optimal parameter). Firstly, a group of “gray wolves” rep-
resenting different solutions is initialized by the algorithm,
and each wolf corresponds to a set of PID parameters. The
fitness of each wolf is calculated in different ways, such
as the ITAE index of absolute value time integration func-
tion, and the formula is as follows.

maE =] o tle(r)|dr (7

By ranking the fitness, the social level can be determined.
The lower the fitness is, the closer the solution is to the
optimal solution. The three leading wolves a, § and 6, rep-
resent the optimal, suboptimal and third optimal solutions
respectively. Other wolves update their positions accord-
ing to the positions of the three leading wolves. Use the
formula above to locate the position of the three leading
wolves to find the prey position, and then gradually guide
other wolves to move in the right direction.

D, =[C,+ X, (1)-X(1)
Dy =|Cye X, (1)-X (1) (8)
Dy :‘Ca‘ 'Xo‘(t)_X(t)’

X,=X,(1)-4,+D,

X, =X,(t)-4,+D, ©)
Xy =X5(t)— A;* D
X +X,+X

X(p1)= ettt (10)

2.3.2 Improved GWO-PID Algorithm

The improved algorithm is optimized in three aspects.

Because the uncertainty of randomly initializing wolves is
too strong, it may lead to the location aggregation of each
gray wolf and affect the overall effect. Thanks to its good
non-repetition, chaotic sequences can be used to optimize
the initialization logic [16], whose function is expressed

as
.| ar
X, = sm(—Xn )

Due to the uncertainty of the real environment, most of
the convergence factors are nonlinear decreasing. Linear
decreasing will affect the value of a in the algorithm and
change the search ability. The improved algorithm uses
the following functions to balance, where A is a random
variable greater than or equal to 0, and t is the number of
iterations [17].

(11)

a=a,, +Wxgamma(l,l—LJ (12)
In the normal algorithm, when the positions of the three
leading wolves are used to guide the movement of other
wolves, the guiding power of the three leading wolves
is the same, which will lead to slow convergence [18].
This problem can be well solved by introducing dynamic
weights. The specific formula is as follows.

X(t+1):(ﬂ1X1+ﬂzfz+ﬂ3X3) (13)
The weight index is obtained by the following formula.
o
AR Ard
X
fy = T (14)
Tl
Y
T+

3. Discussion

3.1 Algorithm Similarities and Differences

The classical PID algorithm is the basis of two new al-
gorithms, but its PID parameters are not adjustable. The
fuzzy PID algorithm is based on the classical PID algo-
rithm and integrates the fuzzy theory. Through the fuzzy
control output adjustment value, the PID parameters are
no longer fixed, but can be adjusted automatically. The
improved GWO-PID algorithm is the same as the fuzzy
PID algorithm in parameter adjustment, which is adjust-
ed by the adjustment value output by the algorithm. The
difference is that the improved GWO-PID algorithm com-
bines the improved gray wolf optimization algorithm with
the classic PID, and outputs the adjustment according to
the improved gray wolf optimization algorithm. These
two algorithms are based on the classical PID algorithm
and integrated with other algorithms, so that the parame-
ters of PID can be adjusted automatically. Compared with
the classical PID algorithm, they enhance the adaptability
to a complex environment. By comparing the response
test data of three different algorithms in the lower limb
rehabilitation robot, the study can further evaluate their
performance. The performance of the two new algorithms
is better than that of the classical PID algorithm in terms
of overshoot and corresponding speed. The following is
the specific performance evaluation.



3.2 Algorithm Performance Evaluation

The crank speed is the key index of the control system of
the lower limb rehabilitation robot, and its response curve
directly reflects the performance of the robot’s control
system. Jiangjinjin’s team from Chongqing University of
Technology designed a pedal-type lower limb rehabilita-
tion robot, and tried to use a fuzzy PID algorithm and an
improved GWO-PID algorithm respectively. The fuzzy
PID algorithm is simulated in the Simulink environment,
and the response curve is obtained by inputting the crank
speed of 60 °/s. In the response diagram of the left nor-
mal signal, the fuzzy PID overshoot is basically zero.
The maximum overshoot of the classical PID algorithm
is 13%, and the steady-state time is 0.6 seconds, which is
longer than that of the fuzzy PID algorithm [19]. In the
response diagram of the right sinusoidal signal, it can be
clearly found that the error of the classical PID algorithm
is large between 0 and 0.4 seconds, and the steady-state
time is longer than that of the fuzzy PID algorithm. Ac-
cording to the two kinds of response images, it can be de-
termined that the performance of the fuzzy PID algorithm
in the crank speed response test is better than that of the
classical PID algorithm.

Another improved GWO-PID algorithm is co-simulated
by Adams and MATLAB. The response curve was ob-
tained by inputting the crank speed of 60 °/s. The response
steady-state time of the improved GWO-PID algorithm is
about 0.3s, and the speed is 78% and 54% higher than that
of the traditional PID control algorithm and GWO-PID
control algorithm respectively [15]. At the same time, it
can also be found that the initial delay time of the GWO-
PID algorithm is the shortest among the three algorithms
through the enlarged image of 0 to 0.3 seconds. The re-
sponse performance of the improved GWO-PID algorithm
is better than that of the classical PID algorithm in both
steady-state time and delay time.

Wang Jie team from Guangxi University of science and
technology used fuzzy PID algorithm and Mamdani rea-
soning method to load the fuzzy rules of the team in the
design of the dynamic balance weight reduction system
of the running table type lower limb exoskeleton rehabil-
itation robot, completed the simulation of the robot, and
obtained the weight reduction response simulation results
in the Simulink environment. The fuzzy PID controller
can be stable in about 5S, while the PID controller needs
about 7S [20]. At the same time, the overshoot and track-
ing error of the fuzzy PID algorithm and the classical PID
algorithm are compared. The overshoot of the traditional
PID algorithm is larger, and the tracking accuracy is lower
than that of the fuzzy PID algorithm. The tracking accu-
racy and response speed of the fuzzy PID algorithm are
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better than those of classical PID [20].

Unit step signal refers to the signal that jumps from 0 to
1 when time t=0, and remains 1 when t>0. Because of
the characteristics of signal mutation, it is widely used to
evaluate the performance of a control system. Zhangwen-
rui’s team from the North China University of Technology
used a fuzzy PID algorithm in the design of a wearable
lower limb exoskeleton rehabilitation robot. By setting
various parameters and loading fuzzy control rules, the
simulation of the robot algorithm was completed, and the
unit step signal simulation results in the MATLAB envi-
ronment were obtained. Through comparison, it is found
that the fuzzy PID algorithm not only has a significantly
faster initial rising speed than the classical PID algorithm,
but also has a lower overshoot than the classical PID al-
gorithm, and the time to reach the stable state is also sig-
nificantly less than the classical PID algorithm [12]. It can
be proved that the response control effect is better than the
classical PID algorithm.

3.3 Algorithm Limitations and Future Trends

Through the research, it can be found that the fuzzy PID
algorithm combines the classical PID algorithm and fuzzy
theory to describe the system more accurately, and adjusts
the PID parameters through the fuzzy control module, so
as to achieve the purpose of self-regulation. The improved
GWO-PID algorithm is to learn from the experience of
the gray wolf species hunting, integrate the improved
gray wolf optimization algorithm and PID algorithm, and
converge the parameters to the optimal solution by sim-
ulating the hunting process. However, although the two
new algorithms are better than the classical PID, they also
have their own limitations that need to be improved. For
example, the current membership function of the fuzzy
PID algorithm depends on the experience of engineers and
is mixed with some subjective factors. In future research,
we should try to use quantitative methods to avoid relying
too much on experience and determine specific quantita-
tive indicators to evaluate its availability. The improved
GWO-PID algorithm needs to consider how to further
enhance the ability to find the optimal solution while re-
ducing the time to find the optimal solution, so as to avoid
falling into local optimization and taking a long time.

The classical PID algorithm has a long development time
and is the most commonly used control algorithm. How-
ever, due to its fixed parameters, it is difficult to apply to
a complex medical environment. Based on the current
research to speculate on the development trend of the PID
algorithm. The new PID algorithm in the field of lower
limb rehabilitation robots in the future may be developed
around parameter adaptive adjustment. By combining
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the framework of the classical PID algorithm with other
theories, this paper attempts to establish a set of PID algo-
rithms that can automatically adjust parameters by using
different algorithm logic, so as to strengthen the adaptabil-
ity of the algorithm in a complex medical environment,
and then continuously optimize the human-computer in-
teraction experience of the lower limb rehabilitation robot.
Conclusion

Through the investigation of the existing literature, this
paper found that the classical PID algorithm cannot au-
tomatically adjust the parameters, which will lead to a
reduction of the adaptability of the algorithm in the com-
plex medical environment. Therefore, many algorithms
are optimized on the basis of the classical PID algorithm.
The response speed of the lower limb rehabilitation robot
using different PID algorithms is different. This paper
introduces the principle of the classical PID algorithm
and two new PID algorithms, and analyzes the test struc-
ture based on the algorithm. By analyzing the response
curves of lower limb rehabilitation robots designed by
different teams, the similarities and differences of different
algorithms and the advantages and disadvantages of per-
formance are obtained. From the existing results, the per-
formance of the two new PID algorithms in the response
field is better than the traditional PID algorithm. It not
only reduces the time required for the system to reach the
steady state, but also reduces the overshoot caused by the
algorithm, which effectively improves the shortcomings of
the classical PID algorithm. This paper makes up for some
gaps in the summary of the response speed of different
PID algorithms, which is conducive to the understanding
of different algorithm logics by researchers in the field of
control systems and the comparison between algorithms
by researchers. At the same time, according to the existing
situation, the paper speculates on the future development
trend, that is, the integration of other theories on the basis
of PID. However, the current research still has limitations.
There are many ways to improve the PID algorithm. This
paper only focuses on the fuzzy PID and improved GWO-
PID algorithms. Future research can gradually expand the
scope and include more algorithms in the research.

4. Conclusion

Through the investigation of the existing literature, this
paper found that the classical PID algorithm cannot au-
tomatically adjust the parameters, which will lead to a
reduction of the adaptability of the algorithm in the com-
plex medical environment. Therefore, many algorithms
are optimized on the basis of the classical PID algorithm.
The response speed of the lower limb rehabilitation robot
using different PID algorithms is different. This paper

introduces the principle of the classical PID algorithm
and two new PID algorithms, and analyzes the test struc-
ture based on the algorithm. By analyzing the response
curves of lower limb rehabilitation robots designed by
different teams, the similarities and differences of different
algorithms and the advantages and disadvantages of per-
formance are obtained. From the existing results, the per-
formance of the two new PID algorithms in the response
field is better than the traditional PID algorithm. It not
only reduces the time required for the system to reach the
steady state, but also reduces the overshoot caused by the
algorithm, which effectively improves the shortcomings of
the classical PID algorithm. This paper makes up for some
gaps in the summary of the response speed of different
PID algorithms, which is conducive to the understanding
of different algorithm logics by researchers in the field of
control systems and the comparison between algorithms
by researchers. At the same time, according to the existing
situation, the paper speculates on the future development
trend, that is, the integration of other theories on the basis
of PID. However, the current research still has limitations.
There are many ways to improve the PID algorithm. This
paper only focuses on the fuzzy PID and improved GWO-
PID algorithms. Future research can gradually expand the
scope and include more algorithms in the research

References

[1] He Mingjie. Comparative study on the aging process and
prospects of China and the world population. Journal of Aging
Science, 2023, 11(12), 36-51.

[2] Sharma, A., Rathi, Y., Patni, V., & Sinha, D. K. A systematic
review of assistance robots for elderly care. In 2021 International
Conference on Communication information and Computing
Technology (ICCICT), 2021, (pp. 1-6). IEEE.

[3] Rodriguez-Fernandez, A., Lobo-Prat, J., & Font-Llagunes,
J. M. Systematic review on wearable lower-limb exoskeletons
for gait training in neuromuscular impairments. Journal of
neuroengineering and rehabilitation, 2021, 18(1), 22.

[4] Wang Huajun, Hu Lianxin, Wang Zefeng, Laurent Peyrodie,
Nie Ying, Hu Shijia & Ni Xinxin. Research progress of lower
limb medical rehabilitation exoskeleton robots. Medical and
Health Equipment, 2025, 46(01), 88-100. doi:10.19745/j.1003-
8868.2025016.

[5] Esquenazi, A., & Talaty, M. Robotics for lower limb
rehabilitation. Physical Medicine and Rehabilitation Clinics,
2019, 30(2), 385-397.

[6] Wang Gang. Research on lower limb exoskeleton structure
design and interactive control for active rehabilitation training
(PhD dissertation, Changchun University of Technology), 2024.
[7] Du, Y., Wang, H., Qiu, S., Yao, W., Xie, P., & Chen, X. An
advanced adaptive control of lower limb rehabilitation robot.



Frontiers in Robotics and Al, 2018, 5, 116.

[8] Xing Miao. Design of AGC system based on PID algorithm
(Master‘s thesis, University of Electronic Science and
Technology of China). Master‘s degree, 2021.

[9] Bhardwaj, S., Khan, A. A., & Muzammil, M. Lower
limb rehabilitation robotics: The current understanding and
technology. Work, 2021, 69(3), 775-793.

[10] Cheng Qijian. Research and application of fuzzy self-
tuning PID controller (Master‘s thesis, Xi‘an University of
Technology), 2016.

[11] Jin Hao. Research on the control system of lower limb
gait rehabilitation training robot (Master‘s thesis, Chongqing
University of Technology), 2024.

[12] Xu Jingyi. Design and research of sitting and lying lower
limb rehabilitation robot system (Master‘s thesis, Anhui
University of Science and Technology), 2024.

[13] Zhang Wenrui. Research on wearable lower limb
exoskeleton rehabilitation robot (Master‘s thesis, North China
University of Technology), 2022.

[14] Mirjalili, S., Mirjalili, S. M., & Lewis, A. Grey wolf
optimizer. Advances in engineering software, 2014, 69, 46-61.
[15] Jiang Jinjin. Design and simulation of passive training mode

Dean&Francis

ZHENGYUAN DONG

control system of pedal-type lower limb rehabilitation equipment
(Masters thesis, Chongqing University of Technology), 2023.
[16] Li Xinyu. Research on Grey Wolf Optimization Algorithm
with Improved Adaptive Convergence Factor. Information and
Computer (Theoretical Edition), 2021, 33(24), 91-94.

[17] Wang Mengna, Wang Qiuping & Wang Xiaofeng. Improved
Grey Wolf Optimization Algorithm Based on Iterative Mapping
and Simplex Method. Computer Applications, 2018, (S2), 16-
20+54.

[18] Liu Ran. Research on Improvement and Application of
Grey Wolf Algorithm (Master‘s Thesis, Shenyang Aerospace
University), 2018.

[19] Jiang Jinjin, Guo Shuming & Hou Zhi. Research on
passive training control method of pedal-type lower limb
rehabilitation equipment based on fuzzy PID control. Modern
Information Technology, 2023, 7(12), 162-165. doi:10.19850/
j-cnki.2096-4706.2023.12.040.

[20] Wang Jie. Mechanism design and coordinated control
of treadmill-type lower limb exoskeleton rehabilitation
robot (Master‘s thesis, Guangxi University of Science and
Technology). Master‘s degree, 2023.





