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Abstract: Aiming to address the problems of nonlinearity, a large time delay, poor adjustment ability,
and a difficult parameter setting process of the tension control system of belt conveyor tensioning
devices, an adaptive Proportional-Integral-Derivative (PID) parameter self-tuning algorithm based
on an improved seeker optimization algorithm (ISOA) is proposed in this paper. The algorithm uses
inertia weight random mutation to determine step size. An improved boundary reflection strategy
avoids the defect of a large number of out-of-bound individuals gathering on the boundary in a
traditional algorithm, and projects the individual reflection beyond the boundary into the boundary,
which increases the diversity of the population and improves the convergence accuracy of the
algorithm. To improve the system response speed and suppress the overshoot problem of the control
target, coefficients related to the proportional term are introduced into the fitness function to accelerate
the convergence of the algorithm. The improved algorithm is tested on three test functions such as
Sphere and compared with other classical algorithms, which verify that the proposed algorithm is
better in accuracy and stability. Finally, the interference and tracking performance of the ISOA-PID
controller are verified in industrial experiments, which show that the PID controller optimized using
the ISOA has good control quality and robustness.

Keywords: belt conveyor; tension device; tension control; seeker optimization algorithm; PID
parameter optimization

1. Introduction

As an important part of a belt conveyor, the tension device is particularly important
for long-distance, large-capacity, and high-speed conveyors. The dynamic characteristics
of long-distance belt conveyors are obvious, and the operation is complex. The conveyor
has different tension requirements in the three stages of start-up, stable operation, and
shutdown. The conveyor belt stores or releases a large amount of energy in the transient
process. This energy forms dynamic tension inside the conveyor belt. Too-large or too-
small tension causes the conveyor tensioning device to show strong nonlinearity and time
variability in the working process [1]. Therefore, determining how to realize continuous
control of the tension of the tensioning device and make the tension adapt to changes in
the external load in real time is of great significance for enhancing the safety and reliability
of the conveyor, and improving the working efficiency of the conveying system.

The PID algorithm has a simple principle, good robustness, high reliability, and wide
adaptability. The control effect mainly depends on the results of the parameter settings [2].
Due to the different application objects, PID controller parameter tuning has always been
a complicated problem. The control problem can be simply regarded as an optimization
problem, and optimal control parameters are sought to achieve higher solution accuracy.
Therefore, it has always been a hot research point to use various intelligent optimization
algorithms to self-tune the parameters of PID controllers.
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Zhu, P. et al. [3] proposed the BP fuzzy neural network algorithm for constant tension
PID control of a traction winch, which improved the accuracy of cable tension control.
Meng, F. et al. [4] studied a constant tension control method based on a combination of GA
and FOPID. Wang, Q. et al. [5] applied IMC PID control to the micro-tension control of a
yarn-winding system. Khosravi, M. A. et al. [6] proposed a robust PID controller for cable
robots. Wang, H. et al. [7] applied the PID algorithm to the dynamic tension control of a
heavy-duty scraper conveyor. Xiao, Y. et al. [8] used a genetic algorithm to optimize the
initial parameters and fuzzy rules of a fuzzy PID, which improved the control accuracy of
strip tension and made the tension of a rolling mill more stable. Deng, L. et al. [9] proposed
a new mechanical structure and tension control scheme for a transformer-winding device,
which is superior to the traditional PID control rate in overcoming interference and the
control effect.

The SOA was originally proposed in [10] to simulate the behavior of human search
populations in order to solve real parameter optimization problems. Duan, S. et al. [11-13]
applied the seeker optimization algorithm to the elastic collision engineering problem.
Guo, J. et al. [14] used a new hybrid SOA for fractional-order modeling and the parameter
identification of super-capacitors. Kumar, M.R. et al. [15] used an improved nonlinear adap-
tive SOA to design fractional-order controllers in the frequency domain. Dai, C. et al. [16]
proposed a new neural network training evolution method using the SOA to adjust the
structure and parameters of artificial neural networks. Zhu, C. et al. [17] proposed a multi-
train timetable optimization method based on an improved seeker optimization algorithm
(SOA) to suppress system track potential. Jordehi, A.R. [18] studied five chaos-based SOA
strategies with four different chaotic mapping functions and selected the best strategy as
the chaos scheme suitable for the SOA. To improve the motion control performance of
autonomous underwater vehicles (AUVs), Wan, J. et al. [19] proposed a fractional-order
PID (FOPID) strategy. Banerjee, A. et al. [20] applied the SOA to power system load track-
ing. Shaw, B. et al. [21] used the seeker optimization algorithm expert system to solve the
economic dispatch problem. Tuba, M. et al. [22] improved the seeker optimization and
firefly algorithms to solve the constrained optimization problem.

This study proposes an improved seeker optimization algorithm (ISOA) in order to
determine the optimal PID control parameters that can well meet the dynamic performance
requirements of the tension control system of a belt conveyor tensioning device. Section 2
introduces in detail the working principle of the belt conveyor tensioning mechanism
and a mathematical model of the tensioning system. Section 3 introduces the principle of
PID control and the standard seeker optimization algorithm (SOA), and then improves
the improvement strategy and design of PID control for seeker collection and search.
In Section 4, three typical test functions are selected to test their performance, and the
optimization effects of the standard PSO, standard GA, and standard SOA are compared to
prove the effectiveness of the proposed algorithm. Section 5 presents a simulation analysis
and industrial test based on ISOA-PID control. Finally, conclusions are drawn in Section 6.

2. Mathematical Model of the Tensioning Device System
2.1. Working Principle of the Tensioning Device

The tensioning system acts according to the start-stop control instruction of the
conveyor and the current running state of the conveyor; the structure of the belt conveyor
tensioning device is shown in Figure 1. The feedback tension signal is transformed into
a voltage signal that can be processed by the controller through the conditioning circuit,
and then the signal is compared with the tension voltage signal given by the controller.
Combined with the current state of the belt conveyor, a logic judgment is made, and the
response command is issued to control the relevant actuators to take corresponding actions
so as to adjust the conveyor belt tension to meet system requirements.
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Figure 1. Structure of belt conveyor tensioning device.

The requirements of the belt conveyor for the tensioning device are as follows: the
tensioning device must meet the different tension requirements of the three stages of the
conveyor start-up, stable operation, and shutdown, and it must accurately respond to
changes in the load and maintain a constant tension during stable operation. In order to
make the system stable, the tension value is kept within a certain range, and the actual
tension value is not adjusted when it is within this range. When the tension exceeds this
range, the tensioning brake is opened to drive the tensioning motor for adjustment; when
the sampling tension exceeds the upper and lower limits set by the system, the system will
stop in time and issue a fault alarm.

2.2. Mathematical Model of the Tensioning System

The linearized flow equation of the servo valve is shown in Equation (1):
qr1 = Ky Xy — K P 1)

Here, K; is the flow amplification factor; Xy is the displacement of the valve core; K,
is the flow pressure coefficient; and P is the hydraulic cylinder pressure.
The flow continuity equation of the hydraulic cylinder is shown in Equation (2):

V; dp;

—|— CtpPL 5 W )
e

Xp

2= Ap g

Here, A, is the effective area of the piston in the oil inlet chamber; C;, is the total
leakage coefficient of the hydraulic cylinder; X, is the displacement of the piston; B, is the
effective bulk modulus of elasticity; and V; is the capacity of the oil inlet chamber.

The incremental equation of the output force of the hydraulic cylinder is shown in
Equation (3):
#x,

dt?

Here, m; is the equivalent total mass; Bp is the viscous damping coefficient; K is the
stiffness of the load spring; F, is the output force of the hydraulic cylinder; and F; is the
friction resistance of the tensioning trolley.

The Laplace transform of Equations (1)—(3) is as follows:

dx
AFg = APLA, = my + B”Ttp + KX, +E 3

Qr1(S) = KyXv (S) — KcPr(S)
Qr2(S) = ApSXy(S) — CepPrL(S) + 3 5-SPL(S) 4)
Fs(S) = PL(S)Ap = miS?X,(S) + B sxp(S) + KX, (S)
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By ignoring the smaller coefficients in the tensioning system and simplifying Equa-
tion (4), the following is obtained:

Fo(S) %A’”(%Jrl)

— (5)
Xv(S) (wi + 1) (f}i + 205 4 1)

Here, wy, = +/K/m; is the natural frequency of the load; w, = % / (K% + %) is the
P

ratio of the series stiffness to the damping coefficient of the hydraulic and load; wy =

wpy/1+ K% =wpy/1+ % is the natural frequency formed by the parallel stiffness of the

hydraulic and load springs and the load mass; w;, = +/K},/m; is the hydraulic natural

2
frequency; Kj, = bely is the stiffness of the hydraulic spring; and K., = K¢ + Cyp, {o =

Vi
SV H(K/K)] 1S the damping ratio.

Based on the above, the control system of the tension device is shown in Figure 2. K; is
the amplifier gain; Ky, is the servo valve gain; and Ky is the feedback coefficient.

K 2
— A, S—2+1
Al R K.W R Kce - @, Fg >
(S+lj[‘%+2§‘)S+l]
o, w, o,
K, le

S

Figure 2. Tensioning device control system.

3. Controller Design
3.1. PID Control

A PID control system framework is shown in Figure 3.

> k,

e(t +

rin(t) + @) u(t) yout(r)
—> k, controlled object >

+

> k,
Figure 3. PID control system framework.
The deviation equation can be written as follows:
e(t) = rin(t) — yout(t) (6)

The control law of PID is shown in Equation (7):

u(t) = k, [e(t) + % /0 Ce(t)dt + T, dz(:) @)

i
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Equation (7) is written in the form of a transfer function as shown in Equation (8):
1
G(s) = kp(1+ —— + Tys) 8)
T;s

Here, k), is the proportional coefficient; T; is the integral time constant; and Tj is the
differential time constant.

3.2. Standard Seeker Optimization Algorithm

The SOA is based on the traditional direct simulation of human search behavior. It is
a research result obtained by analyzing human random search behavior with the help of
artificial intelligence, swarm intelligence, and brain science [23]. The steps of the SOA are
as follows:

(1) Fitness function: The SOA only uses the fitness value to evaluate the pros and cons of
the individual or solution in the process of search and evolution and as the basis for
updating the individual position in the future so that the initial solution gradually
evolves to the optimal solution. To obtain satisfactory transient dynamic characteris-
tics, the time integral performance index of the absolute error is used as the minimum
objective function. To prevent the control energy from being too large, the square
of the control input is introduced. To avoid overshoot, a certain penalty control is
adopted, namely, the optimum index:

(e )
F= /0 (wrle(®)] +wa(t) + wale(®)] )dt, if e(t) <0 o)
Here, w3 is the weight, and w3 > wjy; in general, w; = 0.999, w, = 0.001, and
w3 = 100.

(2) Search step size: The uncertain reasoning behavior of the SOA uses the approximation
ability of the fuzzy system to simulate human intelligent search behavior so as to es-
tablish the relationship between the objective function value and step size. A Gaussian
membership function is used to represent the search step fuzzy variable:

up(x) = g (x—u)?/28° (10)

Here, 14 is the Gaussian membership degree; x is the input variable; and u and J are
the parameters of the membership function.

(3) Search direction: through an analysis and the modeling of human self-interest be-
—
havior, altruistic behavior, and pre-action behavior, the self-interest direction d i,egor

— —
altruistic direction d; 4, and pre-action direction d; ,,, of any i search individual are

obtained, respectively.
— —

Biego(t) = Ppest — 2i(0) a1
;i,ult(t) = ?i,best — %i(t) (12)
;i,pm(t) = xi(t1) — xi(t2) (13)

Considering the above three factors, the search direction is determined by the random
weighted geometric average of the three directions.

— —

— -
dj(t) = sign(wd ij pro + P14 ijego + P2 ija1t) (14)

Here, ?i(tl) and ?i(tz) are the best positions in {?i(t -2), ;i(t -1), ?i(t) }; ?i,hest is

the best position in the collective history of the field where the i-th search individual is
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located; p; ;.. is the best position the i search individual has experienced so far; sign() is a
sign function, and ¢; and ¢, are constants in [0, 1].

(4) Individual position update: after determining the search direction and step size, the
position is updated.
Axij(t + 1) = Déi]'(t)di]'(f) (15)

xij(t+1) = x;5(t) + Ax;i(t + 1) (16)

Here, Ax;;(t + 1) is the movement amount of search individual i in D-dimensional
space, and x;;(t) and x;j(t + 1) are the current position and updated position of search
individual i, respectively.

3.3. Improved Seeker Optimization Algorithm (ISOA)

The seeker optimization algorithm is the same as other intelligent algorithms. With
continuous iteration, there may be stagnation of the search process and local aggrega-
tion of a large number of search individuals in the later stages, which ultimately lead to
convergence of the algorithm. The result easily falls into the local optimum. Therefore,
the convergence accuracy and convergence speed of the algorithm need to be improved,
and the problem of a lack of diversity of population individuals in the later stages of the
algorithm needs to be solved. This study proposes the following improvement strategies
so that the algorithm can reasonably avoid the above problems:

(1) Random dynamic variation of inertia weight

The standard SOA uses the gradient descent method to correct the iteration of the
inertia weight. The learning rate in the gradient descent method is a fixed value, which
is generally based on experience. The size of the learning rate value affects the search
individual position update rate, which, in turn, affects the speed of the entire algorithm,
causing it to converge to the global optimal solution. Therefore, when using the random
inertia weight mutation strategy, if the individual is close to the optimal position in the
initial state, the randomly generated inertia weight value may be relatively small, which
can accelerate the convergence speed of the entire algorithm [24]. The random inertia
weight mutation strategy can overcome the limitation of the linear decrease in the weight
value in the gradient descent method not converging to the optimal point.

W = Umin + (Pmax — Pmin) - rand(0,1) +0.2- N(0,1) (17)

Here, pimax and yimin are the maximum and minimum values of the random dynamic
inertia weight.

(2) Boundary reflection strategy

In the process of movement, the position of the individual will exceed the limit of the
given space. The standard SOA deals with the boundary by fixing the seekers beyond the
boundary to the boundary, but this may cause a large number of seekers to gather at the
boundary [25]. Due to the fact that standard SOA algorithm processors fix a large number
of seekers beyond the boundary range on the boundary, setting boundary values for them
will have a certain impact on the diversity of the population. Inspired by reverse learning,
an improved boundary reflection strategy is obtained, and the seekers beyond the upper
and lower boundaries are reflected and projected into the population boundary according
to Equation (18), which avoids the defects of the standard SOA, increases the diversity of
the population, and improves the convergence accuracy of the algorithm to a certain extent.

swarm(i, find(swarm(i,:) > popmax)) = POPmax — k1 - popmax (k1 > 0.5)
swarm(i, find(swarm(i,:) > popmax)) = PopPmax (k1 < 0.5) (18)
swarm(i, find(swarm(i, :) in)) = POPmin + k2 - POPmax (ko > 0.5)

(i, find( (i) < )

swarm(i, find(swarm(i, : POPmin)) = POPmin (k2 < 0.5)
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Here, swarm(i, :) is the update position of the i-th particle; popmax and popmin are the
upper and lower boundaries, respectively; and ky = rand() and k, = rand() are some
restrictions on the random number generated by rand().

(3) Improvement of the fitness function

Let the number of seekers in the population p be S;, and the position vector of
each particle be composed of three control parameters of the PID controller, that is, the
dimension D = 3 of the individual position vector. Then, the population can be represented
by a matrix of S; x D. In the process of search and evolution, the SOA algorithm only
uses the fitness value to evaluate the advantages and disadvantages of the individual
or solution, and serves as the basis for updating the position of the individual in the
future, so that the initial solution gradually evolves to the optimal solution. It is very
important to construct a suitable fitness function, which directly affects the running speed
of the algorithm and whether the global optimal solution can be found. For PID control, a
reasonable proportional link coefficient is selected and applied to PID regulation. Through
this idea, coefficient A related to the proportional link is introduced into the fitness function
to accelerate the convergence of the algorithm.

o wou?(t) .
F= /0 (w1|e(t) + Az\e(t)| +w3|e(t)|>dt, ife(t) <0 (19)

3.4. ISOA-PID Controller Optimization Design

The ISOA is used to optimize the deviation of the signal collected by the system, and
the three parameters of the controller—k, k;, and k;—are adjusted so that the comprehen-
sive performance of the controller is optimal and the working requirements of the full load
system are met. The self-tuning principle diagram of the controller parameters is shown in
Figure 4.

ISOA-PID [¢ 1 fithess [«
k, 'k K,
rin(t) + e(k) l l l u(l) youl(t)
> > PID controller » controlled object >

Figure 4. Parameter self-tuning principle of ISOA-PID controller.

The specific steps of the ISOA-PID algorithm to optimize the three parameters of the
PID controller are shown in Figure 5.
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Figure 5. Flowchart of ISOA-PID algorithm.

4. Performance Analysis of the Algorithm
4.1. Selection of Optimization Functions

In this study, three typical functions are selected for optimization experiments, and the
optimization effects of the PSO algorithm, GA, and SOA are used to prove the effectiveness
of the ISOA proposed in this paper. The parameters of the three standard test functions are

set as shown in Table 1.

Table 1. Test function parameter settings.

Test Function Variable Dimension Variable Range Optimal Value
Sphere 10 [—15, 15] 0
Schaffer 10 [—15, 15] 0
Rastrigin 10 [—15, 15] 0
(1) Sphere function
n
minf(x) = lez |xi| <15,n =10 (20)

(2) Schaffer function
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in2 /2 2 _
minf(x) =054+ — S0 VXEHY 05 s 15 1)
(140.001 x (22 +12)%)

(3) Rastrigin function

minf(xy,x2) = 20 4 x3 + x5 — 10(cos(271x1) + cos(27xp))  x1, % € [—15,15]  (22)

4.2. Parameter Settings

In this study, four algorithms are selected for performance comparisons: the standard
SOA, the standard PSO algorithm, the standard GA, and the ISOA proposed in this pa-
per. Based on the principle of consistent parameter setting, the basic parameters of each
algorithm are set as follows:

GA: population size, 100; the maximum number of iterations, 100; crossover probabil-
ity, 0.7; and mutation probability, 0.3.

ISOA: population size, 100; the maximum number of iterations, 100; the maximum
membership value, 0.9500; the minimum membership value, 0.0111; the maximum weight,
0.9; and the minimum weight, 0.1.

PSO algorithm: population size, 100; the maximum number of iterations, 100; weight,
1; the individual learning coefficient, 1.49445; and the global learning coefficient, 1.49445.

SOA: population size, 100; the maximum number of iterations, 100; the maximum
membership value, 0.9500; the minimum membership value, 0.0111; the maximum weight,
0.9; and the minimum weight, 0.1.

The hardware device used for the simulation of the above algorithm is a notebook
with an Intel Core i7-5500 2.4 GHz CPU, 16 GB RAM, and a 64-bit operating system, and
the simulation environment is Win10 MATLAB R2021b.

In this study, the convergence accuracy of the algorithm is evaluated by calculating the
average value, and the stability of the algorithm is evaluated using the standard deviation.
The results of the abnormal state are removed, the average and standard deviation of
10 similar data points are selected, and the experimental data are shown in Table 2. The
convergence accuracy and stability of the improved seeker optimization algorithm, the
ISOA, on three test functions are better than those of the other algorithms, thus proving
that the ISOA has certain advantages.

Table 2. Convergence accuracy and stability of different algorithms.

Test Evaluation ISOA SOA PSO GA

Function Indicator

Mean value 6.6 x 1074 8.25 x 1073 0.0156 48.1008

h

Sphere Standard /o0 104 20190 x 10-2 0.0430 29.3946
deviation

Mean value 0 3.4018 x 10° 3.7157 x 107> 0.2658

Schaffer itar.‘d?rd 0 20833 x 106 51283 x 10~ 0.1683
eviation

Mean value 0 212 x 1073 6.86 x 1073 1.1742

Rastrigin Standard -4 -3
0 6.9828 x 10 3.5827 x 10 0.4146

deviation
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5. Simulation Analysis and Industrial Test
5.1. Simulation Analysis

By substituting the parameters of the belt conveyor tensioning device into the mathe-
matical model, the transfer function of the tension control system can be obtained.

1.28 x 10%(0.0252 + 1)
(7.04s +1)(4.07 x 10~4s2 + 0.039s + 1)

G(s) = (23)
The ISOA algorithm is simulated by MATLAB simulation software, and the opti-

mization process is simulated. The fitness function optimization curve and kp, ki, and kd

optimization curves of the algorithm are obtained as shown in Figures 6 and 7.

3.53%10%° [T T T T T T T T T T T
3.52x10° [ ——ISOA b
3.51x10% F E

@

3

£

[ )
3.50x10% | i
3.49x10% [ 7
3.48x10% B

1 1 1 1 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90 100
Iteration

Figure 6. ISOA fitness curve.

110 —

90 E

—K
80 - L
_Ki
70 K, ]

60 - 4
50 4

Parameter value

40 | -
30 F E
20 e

0 10 20 30 40 50 60 70 8 90 100

Iteration

Figure 7. Optimization curves of kp, ki, and kd.

The four algorithms are run in MATLAB to obtain the three best PID parameters, and
the simulation model of PID control is built in SIMULINK, and then the best PID control
parameters are input into the controller. Figure 8 shows the PID step response of the belt
conveyor tensioning system, and the simulation time is 0.5 s. The overshoot of ordinary
PID control is 9%, and the steady-state response time is about 0.44 s. The output curve
response of PSO-PID, GA-PID, and PSO-PID controllers is also very fast, and there is also a
small overshoot, but this overshoot is much smaller than the overshoot of the PID controller.
However, the ISOA-PID controller has a smaller overshoot; almost none. The steady-state
response time of the ISOA-PID, SOA-PID, PSO-PID, and GA-PID control is 0.20 s, 0.25 s,
0.28 s, and 0.32 s, respectively.
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Figure 8. Step response of PID control system.

To simulate the sudden decrease or increase in tension in the loosening or tightening
process of the belt conveyor, the control system model is built in SIMULINK as shown in
Figure 9.

1 1 0025 4+ 1
PID(s} H T04s+1 > 0nd i1 > 0.0004075" +0.0095 +

|
=
(]

N

PID(s)

1 1 0025 41
T04s+1 o0 a1 0.0004075" +0.0395 + M
I :
+

1 1 0027 4+1 N
PID(s) T04s+ 1 002+ 1 0.0004075" +0.0395 + "

=
=]
l.

IS0A

SOA .—> N

1 1 0.02¢ 41 .
PID(s) T0ds+1 002541 0.000407s" +0.0395 +

=
i
;

=

. 1 1 0027 41
s) T04s+ 1 e 0.0004075% + 0.039s +

GA

ANk

trerere e

L
=
i

Figure 9. SIMULINK model of control system.

When the setting system runs at 0.6 s and 1.2 s, disturbance is added, and the response
speed of the ordinary PID control and the four types of optimized PID control can be
observed at this time. The response speed of ISOA-PID to interference is the fastest, being
the first to reach the set value stably, with good dynamic and static performance, the effect
is shown in Figure 10.
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Figure 10. PID step response when the cylinder is tight and loose.

5.2. Industrial Test

An industrial test is carried out in the process of the upgrading and reconstruction
project of an underground conveyor in a coal mine. The tensioning device is designed
according to theoretical research and actual process requirements. The technical parameters
of the belt conveyor used in the test are as follows: the conveyor length is 1500 m; the
conveying capacity is 2000 t/h; the belt speed is 4.5 m/s; and the start tension is 150 kN.
The tensioning hydraulic station motor power is 5.5 kW. The belt conveyor with a hydraulic
tensioning device is model ZYJ-500/24D-B, with a maximum stroke of 30 m, maximum
tension of 400 kN, and weight of 400 kg. The tension sensor adopts GAD10 as the mine
is an intrinsically safe type, and the technical parameters are as follows: range: 1~10 t;
operating voltage DC10V; output signal: DC (0~15) mV; and error: £10%. The two ends of
the tension sensor are connected to the wire rope. One end of the wire rope is connected
to the tensioning trolley and the other end is connected to the fixed end, and the tension
change signal of the conveyor belt is collected in real time. In Figure 11, the pressure
gauge is installed on the pressure-measuring cylinder, which can display the pressure of
the pressure-measuring cylinder in real time. Like the tension sensor of the wire rope, it
can indirectly collect tension during the tensioning process. The collected tension change
signal can be displayed from the monitoring platform after processing. The monitoring
interface of the upper computer system in the central control room can view the operation
of the conveyor and the real-time tension trend curve.

Figure 12 shows the tracking response of the tension signal under two different control
modes. The ISOA-PID control system and the ordinary PID control system have a certain
delay in the following starting position and the tracking process, and the delay of the PID
control system is relatively larger. There is not much difference between the tracking PID
control system and the ISOA-PID control system under the sinusoidal signal, and there is a
certain overshoot in the tracking of the PID controller. The tracking effect of the ISOA-PID
control system under the square-wave signal is much better than that of the PID control
system, and there is no overshoot. Based on the above analysis, it can be concluded that
ISOA-PID control can better follow the given tension signal and avoid the influence of the
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Figure 12. PID control system tension signal tracking response. (a) Sine signal tracking; (b) square-
wave signal tracking.

6. Conclusions

In this study, the working principle of the belt conveyor tensioning system was
analyzed, and a mathematical model of the tensioning device system was established,
laying the foundation for subsequent research on PID parameter tuning of tension control.

A method of PID parameter tuning for the tension control of a belt conveyor tensioning
device based on an improved seeker optimization algorithm was proposed. The inertia
weight, boundary reflection strategy, and fitness function of the seeker optimization algorithm
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were improved to effectively avoid the problem of premature convergence, stagnation, or
convergence to a local optimal solution when the SOA seeks the global optimal solution.

To verify the effectiveness of the PID controller based on ISOA tuning for the belt
conveyor tensioning control system, simulation and industrial tests were carried out. The
step response and interference performance of the PID tension control system tuned using
four algorithms were analyzed, and the effect of the PID control system tuned using the
ISOA-PID algorithm on the tension signal was studied. The industrial test and simulation
show that the PID control system optimized using the ISOA has good control quality and
robustness, and it can ensure good control performance.
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