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Abstract. At present, the spindle free rotary cutting machine is the main equipment for log plate processing. 
The hydraulic driven rotary cutting feed mechanism can adapt to log processing with more diameters due to 
its large feed force and good synchronous performance. This article focuses on the hydraulic drive system of a 
larger shaftless log rotary cutting machine. Firstly, formulas for servo valves and proportional valves such as 
servo transfer function and proportional amplification function are constructed. Then, step signals are input to 
dynamically analyze the servo valve control and proportional valve control systems. For the hydraulic closed-
loop synchronous control system, based on a single equivalent control method, the master and slave hydraulic 
cylinders are PID corrected to reduce the hydraulic cylinder stroke error. Finally, particle swarm optimization 
algorithm is introduced into the fuzzy control PID control strategy to optimize the proportional and quantiza-
tion factors of the fuzzy PID. Finally, through comparative ablation experiments, particle swarm optimization 
algorithm is introduced to optimize the fuzzy PID, resulting in a 21.7% increase in displacement response 
time, a 75.6% reduction in synchronous displacement error, and a 1.37s reduction in return time. This proves 
the feasibility of the method proposed in this article.

Keywords: log-core veneer lathe, proportional valve, servo valve, fuzzy PID control, particle swarm optimi-
zation

1   Introduction

China is a major producer and exporter of artificial plywood products, and has played an important role in global 
trade and supply of artificial plywood in the past 20 years. Artificial board is a commodity that belongs to the 
category of basic raw materials. It is an important product in China’s national economy and a key product in in-
ternational trade import and export. China’s wood-based panel export has developed rapidly. Since 2005, China 
has been the world’s leading export country of plywood and fiberboard, but the overall quality level of China’s 
wood-based panel products needs to be improved. The artificial boards produced and manufactured in our coun-
try every year not only meet some of our domestic production and living needs, but also are sold to many coun-
tries and regions around the world. Due to the performance of artificial board products being close to or even 
better than solid wood, with high cost-effectiveness, diverse functions, excellent decorative performance, wide 
applications, and being environmentally friendly products, the demand is extremely high [1].

The main production process of artificial plywood is to cut the logs into single boards through rotary cutting 
or planing, and then form three or more layers of slabs according to the principle of adjacent fiber directions be-
ing perpendicular to each other. The artificial boards are then coated with glue and hot pressed. Plywood has the 
characteristics of high strength, uniform structure, resistance to warping, small thickness, and large size [2].

In the process of rotary cutting of logs, a rotary cutting machine is a woodworking cutting equipment used to 
process round logs into veneers. According to the diameter of the logs to be cut, rotary cutting machines are di-
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vided into two types: those with and without clamps. The card axis rotary cutting machine is used for the initial 
rotary cutting of logs, while the non card axis rotary cutting machine is used to perform secondary cutting on the 
remaining wood cut by the card axis rotary cutting machine, in order to reduce the amount of wood remaining 
and improve the utilization rate of wood. According to the different feeding methods of the rotary cutting tool, ro-
tary cutting machines are mainly divided into two types: electrically driven rotary cutting machines using speed 
regulating motors and driven by screw rods, and hydraulic rotary cutting machines driven by hydraulic pressure. 
The use of hydraulic system drive can effectively improve work accuracy, facilitate the application of automation 
control methods, reduce noise, and improve the working environment of workers. This article takes the hydraulic 
driven cardless rotary cutting machine as the research object [3].

The hydraulic feed system of the cardless rotary cutting machine tool requires two synchronized hydraulic 
cylinders to jointly push the load for work, as it needs to push a longer section of logs in parallel. Therefore, the 
synchronization accuracy of two hydraulic cylinders is also the main focus of this study. This article is based on 
fuzzy control theory and combined with particle swarm optimization method to achieve synchronous high-preci-
sion stability control of hydraulic cylinders. The main work is as follows:

1) Establish a mathematical model for the control system of hydraulic valve control and proportional valve 
control;

2) Perform dynamic analysis on the servo valve control and proportional valve control system by inputting 
typical step signals into the established mathematical model;

3) Using fuzzy strategy for PID control of valve control system;
4) Introducing particle swarm optimization algorithm to optimize fuzzy PID control strategy and improve con-

trol accuracy;
5) Build a simulation experiment platform using Matlab and complete the simulation experiment of the meth-

od proposed in this article.

2   Related Work

The drive system of the rotary cutting machine mainly consists of motor drive and hydraulic drive. The structure 
of the rotary cutting machine itself is already quite mature. Therefore, this article analyzes and improves the feed 
control accuracy of the entire equipment based on the existing structure of the rotary cutting machine [4].

In the working process of the rotary cutting machine, it is often affected by the wood material and the sur-
rounding environment, so the feed speed of the controlled tool is often affected, resulting in a decline in the 
quality of the veneer. Therefore, for the dynamically changing controlled object, fuzzy PID control can not better 
realize the control of the feed speed and feed force. In terms of fuzzy PID control, Meihong Zhang designed an 
error feedback synchronization control structure based on fuzzy PID control. During the experimental control 
process, when the piston rod was extended, the maximum synchronization error of the parallel type decreased by 
81.42, and the steady-state synchronization error increased by nearly 30%. The steady-state synchronization er-
ror obtained with the parallel type structure decreased to 0. When the piston rod was extended, the error feedback 
synchronization control achieved lower errors than the parallel type, reducing by 93.51%, and the error feedback 
synchronization control error was significantly reduced [5].

Yizhong Cao from Taiyuan University of Technology proposed a hydraulic position control strategy for a 
straightening machine based on fuzzy self-adjusting PID, which addresses the problem that traditional PID con-
trol is difficult to meet the requirements of modern straightening processes. The fuzzy logic control and conven-
tional PID control are combined to form a fuzzy self-adjusting PID control method applied to the hydraulic AGC 
system of the straightening machine. This control method can achieve a maximum deviation control of 0.13 mm 
between the actual roll gap value and the target roll gap value, an average deviation control of 0.06 mm, a max-
imum deviation control of 1.00 MPa for the four hydraulic cylinders, and an average deviation control of 0.12 
MPa. It has certain guiding significance for the upgrading and transformation of other electro-hydraulic servo 
systems [6].

Yongke Ren from Zhengzhou University designed a dual fuzzy PID controller for shield tunneling machinery. 
During the start-up phase, the start-up speed of the dual fuzzy PID control is smooth and stable. When the load or 
speed suddenly changes, the hydraulic propulsion system under dual fuzzy PID control can achieve stable control 
of the propulsion speed and pressure, and the speed and pressure fluctuations are much smaller than those of the 
PID control model. Fuzzy PID has good pressure and speed composite control ability. Finally, by comparing the 
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displacement and pressure tracking characteristics of the four zone shield tunneling hydraulic propulsion system, 
the displacement tracking deviation of parallel synchronous control is 0.68 mm at the maximum load sudden 
change, and 0.39 mm at master-slave synchronous control, a reduction of 42.6% [7].

Compared with conventional PID control and fuzzy PID control strategies, the PID control strategy incorpo-
rating intelligent control algorithms has improved control synchronization accuracy, control response speed, as 
well as control robustness and stability.

Wei Qi from Xinjiang University proposed a mathematical model for a valve controlled cylinder to address 
the issues of large flow and pressure fluctuations, low output efficiency, and short service life of hydraulic com-
ponents caused by asynchronous operation of the hydraulic cylinder in hydraulic fracturing pumps. The model 
uses a fuzzy RBF neural network and cross coupling control strategy to control the synchronous action of the 
hydraulic cylinder. On the basis of traditional fuzzy control, fuzzy control and RBF neural network control are 
integrated. Based on the system mathematical model, a tracking controller and a synchronization controller are 
designed to achieve precise control and synchronous feedback of the valve controlled cylinder system. Compared 
with traditional PID and fuzzy PID systems, the fuzzy RBF neural network+cross coupling synchronization con-
trol strategy has high synchronization accuracy, fast response speed, good robustness and stability [8].

Qinghua Mao proposed a pitch control method for coal mine boring machines based on fuzzy neural network 
PID by combining traditional PID algorithm with fuzzy control, neural network, etc. Firstly, the mathematical 
relationship between pitch angle and support hydraulic cylinder, as well as the hydraulic system and its transfer 
function model, were constructed. Then, fuzzy control was combined with neural network to form a fuzzy neural 
network. The fuzzy neural network was used to optimize the PID control parameters, and then combined with 
the mathematical model of the support mechanism and the transfer function model of the hydraulic system to es-
tablish a fuzzy neural network PID control model for the pitch angle of the boring machine, achieving automatic 
and precise control of the pitch mechanism of the coal mine boring machine. Finally, compared with fuzzy PID 
and PID control algorithms, the tracking error of the fuzzy neural network PID control algorithm was reduced by 
69.34% and 74.49%, respectively [9].

Xunai Huang proposed a Mid Vertical Particle Swarm Optimization (MAPSO) algorithm that integrates the 
mid vertical line strategy to address the problems of slow convergence speed, low convergence accuracy, and 
susceptibility to local optima in traditional particle swarm optimization. The algorithm also introduces an inertia 
weight cosine adjustment strategy to avoid getting stuck in local optima. The free particle position update meth-
od based on the perpendicular line strategy can accelerate the convergence speed of particles, thereby enhancing 
the optimization speed and accuracy of the algorithm. The improved particle swarm optimization algorithm was 
applied to optimize PID controller parameters, and compared with Ziegler Nichols (Z-N) formula method and 
linear decreasing inertia weight particle swarm optimization algorithm (MeanPSO). The results showed that the 
plumb line particle swarm algorithm had higher accuracy and could quickly tune PID parameters, resulting in 
better performance indicators of the control system response function [10].

Ju Wang from Xi’an Engineering University used a BP neural network to automatically search for the optimal 
parameters of the PID controller. The improved BP neural network was used to adjust the fuzzy rules and mem-
bership functions in real time, and the relevant parameters of the fuzzy PID controller were optimized through 
the improved BP neural network algorithm. At the same time, the designed fuzzy neural network PID controller 
was used to dynamically adjust the PID parameters. Finally, simulation experiments showed that the designed 
grasping force fuzzy PID control algorithm had an overshoot of only 3.07%, an adjustment time of 3 ms, and a 
disturbance setting time of 1.2 ms, improving the steady-state performance of the grasping force control system 
and enhancing control accuracy [11].

On the basis of existing research, this paper mainly implements a control strategy based on particle swarm 
fuzzy PID to improve the control accuracy, response speed, and response robustness of hydraulic systems. 
Therefore, this article mainly consists of the following sections: Section 2 is the review section of the article, 
which elaborates on the research results of fuzzy PID control and the control strategy combining PID and intel-
ligent algorithms with PID control. Section 3 establishes a mathematical model of the hydraulic system based 
on the control requirements of the hydraulic driven rotary cutting feed mechanism. Section 4 constructs a sys-
tem control model using fuzzy PID control theory on the basis of the hydraulic system model, and adds particle 
swarm optimization algorithm to search for the optimal control scheme of PID control strategy. Section 5 is the 
simulation experiment section, which constructs a Matlab simulation experiment process and verifies the feasi-
bility of this method through ablation experiments.
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3   Mathematical Modeling of Hydraulic System for Rotary Cutting Machine

The cardless rotary cutting machine has become the main equipment for rotary cutting of logs due to its low re-
maining log volume [12]. By combining hydraulic drive with a shaftless structure, it can achieve rotary cutting 
of most logs and diameters. The working principle of the rotary cutting machine is shown in Fig. 1: during oper-
ation, the logs are stuck between two fixed driving rollers and the continuously advancing pressure gauge roller. 
The function of the driving roller is to provide friction to the log to make it rotate as the main motion, while the 
pressure gauge roller continuously moves forward to ensure that the cutting tool can continuously cut the log 
without interruption. So when the thickness of the single board is a constant value, the feed rate of the tool is a 
function of time [13]. The schematic diagram of the rotary cutting machine structure is shown in Fig. 1.

Fig. 1. Schematic diagram of rotary cutting machine structure

 

Fig. 2. The relationship between cutting blade feed rate and time

From Fig. 2, it can be seen that the blade feed rate V gradually increases with the passage of time T. During 
the operation of the rotary cutting machine, the speed of the driving roller remains constant, so as the diameter of 
the log decreases due to cutting, the speed of the log continuously increases. In order to ensure the uniformity of 
the thickness of the board, it is necessary to precisely control the feed speed of the rotary cutting machine tool. 
Therefore, for the driven feed system, it is required that the extension speed of the hydraulic cylinder can track 
its changes well [14]. The data on the variation of blade feed rate over time is shown in Table 1.
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Table 1. The process of blade feed rate changing over time

Time (s) Velocity (mm/min) dV/dt Accel. Factor Log (V)
0 20 34.37 1.718 3
1 54.37 63.89 1.175 4
2 147.78 173.67 1.175 5
3 401.71 472.09 1.175 6
4 1091.96 1283.28 1.175 7
5 2968.26 1876.3 0.632 8

3.1   Establishment of Hydraulic Valve Model

Mathematically model the hydraulic system for feeding props and make the following assumptions [15]:
1) Assuming that the valve bodies of each valve are typical slide valves and in an ideal sliding state, with suf-

ficient dynamic response capability;
2) The oil supply pressure is constant, and the return oil pressure is stable and close to 0;
3) Neglecting the friction loss of the pipeline and maintaining constant lubricating oil performance.
Based on the above assumptions, the control principle diagram of the hydraulic system [16] for the feed of the 

rotary cutting machine tool is shown in Fig. 3.

Fig. 3. Schematic diagram of asymmetric hydraulic control system

Model the hydraulic servo and hydraulic proportional valve system of the rotary cutting machine, and all pa-
rameters during the modeling process are shown in Table 2.

Table 2. List of modeling parameters for servo valve control system and proportional valve control system

Variable symbol Variable meaning Unit
Fno−load No load flow rate g / s
Fsv−flow Servo valve flow gain m3 / s
psv Natural frequency of servo valve rad / s
λsv Damping ratio of servo valve null
ΔIinput Input control current A
s Valve displacement
Uinput INPUT VOLTAGE V
ksv−amplifier Servo amplifier gain A / V
L(s) Displacement transfer function
kflow Flow Gain m3 / s
Spiston piston area m2

βf l−pre Total flow pressure coefficient rad / s
Sequivalent Equivalent area m2

Vequivalent Equivalent volume m3

αdam Piston viscous damping coefficient Pa

Fequivalent Equivalent interference force N
phc Natural frequency of hydraulic cylinder rad / s
αrela Relative damping coefficient null
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ksensor Sensor Gain V / m
lpiston piston displacement m
kpro Flow gain of proportional valve m3 / s
ppro Natural frequency of proportional valve rad / s
λpro Proportional valve damping ratio null
⊗Rkp ⊗Rki ⊗Rkd Fuzzy rule reasoning process

The transfer function of hydraulic servo valve [17] is expressed as follows:
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The transfer function of the servo amplifier is expressed as follows:
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The transfer function of a proportional speed control valve [18] is expressed as:
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The transfer function of the displacement of the valve core to the output displacement of the asymmetric hy-
draulic cylinder is expressed as follows:
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When the rotary cutting machine is rotating wood, the feed force provided by the hydraulic system needs 
to overcome the following forces: the wood has reaction force against the cutter, friction force in the transmis-
sion process, inertia force in the process of feed speed change, and the weight of the cutter structure itself [19]. 
Therefore, the load force is expressed as follows:

load reac f iner cutF F F F G= + + + (6)

The transfer function of a displacement sensor is expressed as:

input
sensor

piston

U
k

l
= (7)
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Integrate the above transfer functions to obtain the control block diagram of the servo valve controlled asym-
metric cylinder body of the cardless rotary cutting machine, as shown in Fig. 4.

Fig. 4. Control block diagram of servo valve controlled asymmetric cylinder body

The parameters of servo valves, servo hydraulic cylinders, and proportional valves are shown in Table 3.

Table 3. Basic parameters of servo hydraulic cylinder

Variable symbol Numerical value
Rated current of servo valve 8mA
Rated voltage of servo valve 21MPa
Response time of servo valve 1 − 27MPa
Servo valve hysteresis < 2.5%
Servo valve resolution < 0.25%
Servo valve frequency response > 50Hz
Temperature range of servo valve −30°C − 95°C
Servo valve piston diameter 90mm
Diameter of servo piston rod 50mm
Length of servo valve piston rod 450mm
Working voltage of servo valve 24V
Servo valve repeatability accuracy < 0.5%

3.2   Dynamic Analysis of Servo Valve Control and Proportional Valve Control Systems

Hydraulic power components are the main components of the vast majority of hydraulic servo control systems, 
and their dynamic performance greatly determines the dynamic performance of the entire system. By analyzing 
the dynamic characteristics of the hydraulic system of the rotary cutting machine, it is possible to improve the 
overall response speed of the system’s commands and provide a basis for reducing noise and vibration during 
system operation. It is also an effective method to avoid fatigue and damage to hydraulic components. At the 
same time, when analyzing the dynamic and steady-state performance of a system, the time-domain analysis 
method can intuitively obtain the trajectory of the working state of the cardless rotary cutting machine system 
over time signals, and establish an accurate descriptive model [20]. This article uses step signals as inputs.

When the cardless rotary cutting machine system is in operation, the input signal gradually changes over time. 
At the same time, as a relatively severe working state, the system is easily affected by external impact forces. For 
a control system, the step signal is the most severe when used as a typical input signal. Therefore, a step function 
is selected as the typical input signal, with an amplitude of 1 and a step time of 0.1 seconds. It is input to the ser-
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vo valve and proportional valve control systems respectively [21]. The simulation time is set to 5 seconds and the 
open-loop gain coefficient is set to 5 [22]. The input and output signals of the controlled system are shown in Fig. 
5.

 
Fig. 5. Step input and hydraulic control dynamic response results

From the above figure, it can be seen that the output signal can basically follow the input signal and tend to 
approach each other. At the same time, there is no overshoot in the two systems. Although the systems are stable, 
their response is slow. At the same time, for a hydraulic system that only works for 5-10 seconds, the adjustment 
response time is too long, so a correction signal needs to be added. The open-loop Bode diagram of the servo 
valve control system is shown in Fig. 6.

 

Fig. 6. Open loop Bode diagram of servo valve control system
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As shown in the above figure, the system includes a differential component, a second-order oscillation compo-
nent from the servo valve, and a second-order oscillation component from the valve controlled asymmetric cylin-
der. The data of the system oscillation process is shown in Table 4.

Table 4. Vibration process data

Freq. zone 
(Hz)

Gain trend 
(dB/dec)

Dominant behavior Phase shift trend 
(deg)

Dynamic implication

10⁰ – 10¹ Slight decline (~-10) Almost flat (low-pass) 0° → -30° System stable, minimal delay

10¹ – 10² Moderate decline (~-20) Single pole effect -30° → -90° 1st order lag dominates

10² – 10³ Sharp decline (~-40) Additional pole active -90° → -135° 2nd order behavior, phase lag ↑

10³ – 10⁴ Steeper (~-60) Multi-pole roll-off -135° → -200° Strong attenuation, sluggishness

4   Fuzzy PID Control Strategy Based on Particle Swarm Optimization

For the hydraulic closed-loop synchronous control system, based on a single equivalent control method, the first 
cylinder is set as the active cylinder and the second cylinder as the passive cylinder. The difference obtained by 
comparing the outputs of the two cylinders after PID correction is also input to the passive cylinder [23]. The 
schematic diagram of the fuzzy PID control system is established as shown in Fig. 7.

 

Fig. 7. Schematic diagram of fuzzy PID control system

Design and use a two input three output fuzzy PID controller, with the displacement difference between hy-
draulic cylinders and the differential of the displacement difference as the two inputs of the fuzzy controller. The 
tuning process is as follows: the two input variables are fuzzified, and fuzzy operations are performed on the 
established membership function and fuzzy rules to obtain the fuzzy quantities of the three outputs through fuzzy 
inference. Finally, after deblurring, the three fuzzy output quantities are converted into three digital quantities, 
and the deblurring three digital quantities are transmitted to the PID controller for operation based on the original 
PID control. The establishment of fuzzy control rules directly affects the control accuracy of the entire controller 
in implementing a real-time adjustment process.

The two input variables are the displacement value of the main hydraulic cylinder and the displacement dif-
ference e of the slave hydraulic cylinder, as well as the differential ec of the displacement difference. The three 
outputs correspond to ΔKp, ΔKi, and ΔKd. The main process of fuzzy PID control of the hydraulic synchroniza-
tion system is that when there is a difference in displacement of the hydraulic cylinder, e and ec will appear. The 
displacement difference and displacement difference differential are quantified by a quantization factor to prepare 
for fuzzification. Fuzzy inference is performed through fuzzy rules to obtain the fuzzy quantity [24]. The fuzzy 
quantity is adjusted to obtain ΔKp, ΔKi, and ΔKd under the scaling factor, and these adjusted numbers are re ad-
justed along with the original PID parameters Kp, Ki, and Kd to regulate the displacement of the two jacks. Fuzzy 
control is shown in Fig. 8.
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Fig. 8. Fuzzy control principle diagram

The process of converting the difference in cylinder displacement as an input quantity into a fuzzy quantity is 
called input quantity fuzzification. According to the requirements of this system, set the fuzzy domain values as 
shown in Table 5.

Table 5. Fuzzy domain value setting parameter table

Parameter name Parameter values
e [−3, 3]
ec [−3, 3]

ΔKp [−0.3, 0.3]
ΔKi [−0.06, 0.06]
ΔKd [−0.3, 0.3]

The displacement difference between the two hydraulic cylinders during motion is large. In order to quickly 
reduce the displacement difference between the two hydraulic cylinders, it is necessary to increase the values of 
Kp and Kd. To prevent integral saturation and excessive system overshoot, the value of Ki should approach zero. 
When the displacement difference e and ec between two hydraulic cylinders is in the intermediate stage, it is still 
necessary to maintain the stability and response speed of the system. At this time, a smaller value Kp should be 
taken. To reduce system overshoot, more moderate values of Ki and Kd should be taken. When the synchroniza-
tion error e between two hydraulic cylinders is small, increasing the values of Kp and Ki appropriately can im-
prove the stability of the system and reduce system oscillation to a certain extent. When the differential ec of the 
synchronization error of the hydraulic jack is large, the smaller Kd value should be taken, and when ec is small, 
the larger Kd value should be taken.

According to the actual requirements of the hydraulic synchronous control system of the rotary cutting ma-
chine, the synchronization errors e and ec are differentiated through fuzzy processing, and the fuzzy output vari-
ables are obtained through fuzzy rule inference:

( )
( )
( )

p kp

i ki

d kd

K e ec R
K e ec R
K e ec R

∆ = × ⊗
 ∆ = × ⊗
∆ = × ⊗

(8)

The fuzzy processed data is adjusted by fuzzy rules, and fuzzy inference is used to obtain fuzzy quantity out-
put, but ultimately the output digital quantity needs to be transmitted to the PID controller. Perform deblurring 
processing on the output fuzzy quantity. According to the system control requirements, the centroid method has 
higher output parameter accuracy compared to other deblurring processing methods. The centroid method is used 
for deblurring processing [25], and the representation method is as follows:
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( ) ( )
( ) ( )
1 1 2 2

1 2

w s s w s s
W

w s w s
+

=
+

(9)

Kp0, Ki0 and Kd0 are the initial values adjusted by the PID controller. After fuzzification, fuzzy rule tuning, 
fuzzy inference, and deblurring, the three output variables obtained are transmitted to the PID controller for 
tuning. Finally, synchronous control of tool feed is achieved through servo valves and proportional valves. The 
expression is as follows:

0

0

0

p p p

i i i

d d d

k k k
k k k

k k k

= + ∆
 = + ∆
 = + ∆

(10)

The core of a fuzzy controller is the establishment of fuzzy rules, and the quality of fuzzy rules directly affects 
the control accuracy of the entire system. The establishment of fuzzy rules is determined through human expe-
rience, which can cause randomness in the fuzzy controller and often make it difficult for the system to achieve 
accurate control accuracy. Therefore, this article uses particle swarm optimization fuzzy PID control algorithm to 
improve the overall accuracy of the system.

The particle swarm algorithm [26] is inspired by the connection between bird foraging and specific problems, 
treating each individual in the bird swarm as a massless and volume free particle. The particle swarm seeks the 
optimal particle based on the position and velocity of particle movement, which has high convergence and can 
optimize multiple objectives simultaneously. This article uses particle swarm optimization algorithm to optimize 
the proportional factors Ke and Kec, as well as the quantization factors Kup, Kui, and Kud in fuzzy PID. 

1) The formula for updating particles in the population is:

( ) ( )1
. . . 1 . 2 .
t t t t t

i j i j i j best i j best i jV W V p D g Dϕ ϕ+ = ⋅ + − + − (11)

t represents the current iteration count, Dt is the previous population position matrix, V t is the current popu-
lation velocity matrix, W t is the weight matrix, j is the PID control object dimension, i is the population particle 
number, φ1 and φ2 are individual cognitive constants and social cognitive constants.

2) Initial search phase

( )1t t t t t t
i i i i m iD D L s D D+ = + ⋅ − (12)

t
mD  represents a random individual, t

iL  represents the Levy flight restriction factor to improve population 

search ability, and t
is  is the step size factor, expressed as:

10.9 tanht
i

total

tL Tζ
 = ×  ⋅ 

(13)

t1 is the number of iterations in the gust stage, Ttotal is the total number of iterations, and ζ is the proportion of 
the gust stage in the entire iteration process.

1
t
is

τ

η

θ
= (14)
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3) Population exploration stage

( )1
exp .
t t t

lore i andom i best iD D r g D+ = + × − (17)

random.i is a random distribution quantity.
4) Population development stage

( )( )1
, ,sint t t t t

development i control best j i jD D s g Dχ χ+ = + ⋅ ⋅ − (18)

Among them, t
controls  is the step size control factor, expressed as:

( )max max min
t
control
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ts s s s
T

= − − × (19)

5) Population equilibrium model
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+
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In the equation, p(t) is a function of pbest over time, expressed as:

( ) ( )
max

start
end end

tp t p p p
T

= − − (21)

Each parameter represents a particle, and these five particles have their own positions and velocities. The ve-
locity and position are continuously updated for iteration, and ultimately the particles move towards the global 
optimal direction to obtain the optimal result. The particle swarm optimization fuzzy PID control diagram is 
shown in Fig. 9.

 

Fig. 9. Schematic diagram of fuzzy PID control with particle swarm algorithm added
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The proportional factor and quantization factor of particle swarm optimization fuzzy PID are optimized with 
an initial population of 30 particles, and the optimal solution is obtained by these particles cooperating with each 
other in a 5-dimensional space. The direction of motion of each particle is determined by its position, represented 
as smin ≤ si ≤ smax, and its velocity is determined by its flight speed, represented as vi. 

6) During the iterative process of particles, there will be individual particle optima, represented as:

( )1 2, , ,best best best bestnp p p p=  (22)

7) In the overall particle swarm, the optimal solution for the group will be:

( )1 2, , ,best best best bestnsep sep sep sep=  (23)

8) The iterative formula for particle velocity and position is as follows:

( ) ( )1 1 2 2

1 1

i i learn num bestn i learn num bestn i

i i i

v w v f r p s f r sep s
s s v+ +

∆ = ∗ + − + −


= +
(24)

Among them, w represents the inertia weight, flearn represents the learning factor, rnum represents a random 
number with a value range of [0,1]. In the particle swarm, when an individual reaches the optimal value, pbest is 
obtained. At the same time, the particle swarm iteratively reaches the optimal particle swarm problem and ob-
tains the global optimal solution sepbest.

Two hydraulic cylinders operate synchronously, with a displacement difference between them. The fitness 
function is composed of the product of the absolute value of the displacement difference and time, expressed as 
follows:

0
( )f fit t edt

∞
= ∫ (25)

When the inertia weight w increases, it accelerates the particle optimization speed, which can solve the prob-
lem of particle swarm getting stuck in local optima. However, when the inertia weight is too large, it will cause 
the particle swarm optimization speed to be too fast, and some optimal solutions will be missed during the opti-
mization process, resulting in system oscillation. Conversely, when the inertia weight decreases, the local search 
ability of the particle swarm becomes stronger. When the inertia weight is too small, it will cause the particle 
swarm to get lost in the local optimum and cannot obtain the global optimum. The value of w in this article is 
0.8.

Individual learning factor flearn1 affects the flight speed of individual particles, while group learning factor  flearn2 
affects the ability of individual particles to follow group particles during flight. When the individual learning fac-
tor and group learning factor are too large, it will lead to excessive flight speed, thus ignoring the optimal value. 
When the individual learning factor and group learning factor are too small, it will cause particles to fall into a 
local optimal cycle and cannot obtain the global optimal solution. In general, both flearn1 and flearn2 have a value of 
2.

When the upper limit of the set iteration is reached, the particle swarm algorithm will stop the operation and 
output the calculated optimal parameters with a maximum iteration count of 30 and a minimum fitness value of 
0.1. The flowchart of particle swarm optimization is shown in Fig. 10.
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Fig. 10. Particle swarm optimization algorithm flowchart

The pseudocode for optimizing the fuzzy PID control process using particle swarm optimization algorithm is 
as follows:

# Initialize parameters
num_particles = 30  # Number of particles in swarm
max_iter = 100      # Maximum iterations
c1 = 2.0            # Cognitive coefficient
c2 = 2.0            # Social coefficient
w = 0.8             # Inertia weight
# Define PID parameter bounds
KP_min, KP_max = -0.3, 0.3
KI_min, KI_max = 0.06, 0.06
KD_min, KD_max = -0.3, 0.3
# Initialize particles with random positions
particles = []
for _ in range(num_particles):
    KP = random.uniform(KP_min, KP_max)
    KI = random.uniform(KI_min, KI_max)
    KD = random.uniform(KD_min, KD_max)
    particles.append({“position”: [KP, KI, KD], “velocity”: [0, 0, 0]})
# Main optimization loop
for iteration in range(max_iter):
    # Update best personal and global positions
    for particle in particles:
        # Calculate fitness (inverse of tracking error)
        error = simulate_hydraulic_system(particle[“position”])
        fitness = 1 / sum(abs(e) for e in error)
        # Update personal best if better
        if fitness > particle[“fitness”]:
            particle[“best”] = particle[“position”].copy()
            particle[“fitness”] = fitness
    # Update global best
    global_best = max(particles, key=lambda p: p[“fitness”])
    # Update velocities and positions
    for particle in particles:
        r1, r2 = random.random(), random.random()
        # Velocity update
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        vKP = w*particle[“velocity”][0] + c1*r1*(particle[“best”][0] - parti-
cle[“position”][0]) + c2*r2*(global_best[“position”][0] - particle[“position”][0])

        vKI = w*particle[“velocity”][1] + c1*r1*(particle[“best”][1] - parti-
cle[“position”][1]) + c2*r2*(global_best[“position”][1] - particle[“position”][1])

        vKD = w*particle[“velocity”][2] + c1*r1*(particle[“best”][2] - parti-
cle[“position”][2]) + c2*r2*(global_best[“position”][2] - particle[“position”][2])

        # Position update
        particle[“position”][0] += vKP
        particle[“position”][1] += vKI
        particle[“position”][2] += vKD
        # Boundary handling
        particle[“position”][0] = max(min(particle[“position”][0], KP_max), KP_

min)
        particle[“position”][1] = max(min(particle[“position”][1], KI_max), KI_

min)
        particle[“position”][2] = max(min(particle[“position”][2], KD_max), KD_

min)    
    # Update inertia weight
    w *= 0.99  # Decreasing inertia weigh

This section mainly completed the establishment process of the fuzzy PID control strategy model, and intro-
duced the particle swarm algorithm into the fuzzy PID. The particle swarm algorithm was used to optimize the 
three parameters in the PID, and after optimization, better control results were obtained.

5   Simulation Environment Construction and Simulation Result Analysis

The schematic diagram of the hydraulic rotary cutting machine system described in this article is shown in Fig. 
11.

Fig. 11. Schematic diagram of hydraulic rotary cutting machine system

The experimental simulation process was constructed using Matlab [27], and the connection principle of the 
experimental system is shown in Fig. 12. The control signal is output by the signal excitation module in the 
LABVIEW software of the computer. The digital signal of the computer is converted into an analog signal by a 
D/A converter and then amplified by a proportional amplifier to control the opening of the proportional valve, 
thereby controlling the displacement output of the piston cylinder; The piston displacement is measured by a 
displacement sensor and fed back to the PID control panel. After PID control, it is input to the proportional valve 
control end through an electrical circuit to form a closed-loop control; The sensor output signal passes through 
the signal conditioning terminal interface board and enters the data acquisition card. Finally, the displacement 
signal is input into the computer for data acquisition.
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Fig. 12. Schematic diagram of data collection framework

Set a load on the tool end for verification analysis. The experimental input is a step signal with a maximum 
displacement value of 250mm. This experiment mainly analyzes the displacement error of the dual hydraulic 
cylinders in the hydraulic synchronization system under conventional fuzzy PID control and particle swarm op-
timization fuzzy PID control. Collect hydraulic cylinder displacement data under fuzzy PID and particle swarm 
optimization fuzzy PID control, and analyze it graphically. The error curve is shown in Fig. 13, the derived char-
acteristics are shown in Table 6.

 

Fig. 13. Error curve chart

Table 6. Hydraulic cylinder following error data
Feature Main cylinder Slave cylinder Interpretation

Peak Displacement ~470–480 mm ~430–440 mm The main cylinder delivers a higher peak output.

Time to Peak ~3.8–4.2 s ~3.8–4.2 s Both peaks occur almost simultaneously, showing 
good synchronization.

Rising Slope Steeper, faster re-
sponse

Slightly gentler slope The main cylinder accelerates more rapidly during 
the initial phase.

Post-Peak Decay Slower decay Faster decay The slave cylinder dissipates energy more quickly.

Residual 
Displacement

~20–30 mm at 14 s Slightly smaller 
residual

Indicates incomplete return due to system hystere-
sis/backlash.
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By comparison, under the use of particle swarm optimization fuzzy paste PID control, the main hydraulic 
cylinder completes the extension in 3.8 seconds and the slave hydraulic cylinder completes the extension in 4.2 
seconds when the hydraulic cylinder is extended. The maximum error of the hydraulic cylinder is 2.1 mm. In the 
return phase, the hydraulic cylinder completes synchronization in 11.4 seconds. Compared to fuzzy PID control, 
particle swarm optimization PID control has smaller hydraulic cylinder synchronization error and faster response 
speed. Meanwhile, it can be seen from the graph that the variation pattern of synchronization error within one 
sine cycle is basically consistent. When the slope of the input signal increases, there will also be relatively large 
synchronization errors. This is consistent with the simulation results that the synchronization error increases 
when the slope of the actual speed curve of the blade increases. So from this experiment, it can be concluded that 
compared to the master-slave mode, the equivalent mode has a better effect on dual cylinder synchronous con-
trol.

At the same time, the data output of the single stroke circuit of the hydraulic cylinder will be compared, and 
the response time, synchronization control accuracy, and completion synchronization time of the hydraulic syn-
chronization system in the cylinder extension stage will be analyzed and compared. The comparison results are 
shown in Fig. 14.

Fig. 14. Comparison chart of control effects

After experimental data comparison and analysis, under fuzzy PID control, the response time of the hydrau-
lic synchronization system is improved by 26.8%, the displacement synchronization error is reduced by 51.7%, 
and the return synchronization time is reduced by 0.82s. The fuzzy PID algorithm has a significant improvement 
compared to the PID algorithm, but the control effect cannot meet the needs of practical engineering; Introducing 
particle swarm optimization algorithm to optimize fuzzy PID, the displacement response time is improved by 
21.7%, the synchronous displacement error is reduced by 75.6%, and the return time is reduced by 1.37s. Based 
on the above analysis, it can be concluded that under the particle swarm optimization fuzzy PID algorithm, the 
synchronous displacement accuracy of the hydraulic system is higher and the response speed is faster, which ver-
ifies the feasibility of this method in hydraulic synchronous systems.

This section used Matlab simulation software to construct the hydraulic system of the log rotary cutting ma-
chine, and verified the improvement effect of the proposed method on the original basis in the system. The parti-
cle swarm algorithm is more efficient and accurate for parameter optimization in PID fuzzy control.

6   Conclusion

For logs with large diameter, the hydraulic drive feeding rotary cutting machine can provide more stable feed 
force and feed speed. The traditional control mode uses open-loop control, which has low control synchroni-
zation accuracy, making the veneer rotary cutting quality can not be guaranteed and vulnerable to the external 
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environment and wood quality. Therefore, this article focuses on the current situation of hydraulic open-loop 
control and designs a closed-loop control strategy based on fuzzy PID control. At the same time, particle swarm 
optimization algorithm is introduced in the process of solving the optimal closed-loop control parameters. The 
main research results are as follows:

1) For the system studied in this article, servo control and proportional control are used to establish the trans-
fer functions of the valve control mathematical models, and the models are built in MATLAB. Through time-do-
main and frequency-domain analysis of this system, the relevant system characteristics were understood. Then, 
a fuzzy PID controller was designed and applied to two systems. After simulation analysis, it was found that the 
proportional closed-loop form can be used to control the system while meeting practical production needs and 
considering economic principles. After using certain PID correction methods, it can meet the requirements of 
speed, stability, and accuracy.

2) The particle swarm fuzzy PID control method, which has good control effect and is relatively easy to im-
plement, was selected to study the situation where some uncertain working conditions in actual production can 
easily cause the rotary cutting machine to automatically retract and feed irregularly, resulting in the production 
of corrugated and unqualified veneers. A control model for dual cylinder synchronization was established and 
simulated in MATLAB; Obtained the relevant time-domain and frequency-domain characteristics under a single 
channel

The follow-up work needs further improvement:
1) This article only compares and simulates the fuzzy PID control algorithm based on particle swarm opti-

mization with conventional fuzzy PID control. The superiority of other control algorithms such as neural PID 
control strategy, model following adaptive (AMFC) control algorithm, and reference model adaptive (MRAC) 
control algorithm has not been compared in detail.

2) As the research mainly focuses on the tool feed system of the cardless rotary cutting machine, further re-
search is needed on the remaining control systems of the entire plywood automation production line, and a com-
plete set of research results for the entire production line has been formed.
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