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Abstract

In this study, it has proposed to adjust the parameters of the Linear Effective Distortion Prevention Controller (LADRC) with the
Symbiotic Organism Search (SOS) algorithm. The parameters of LADRC were determined by both traditional methods and Symbiotic
Organism Search (SOS) algorithm, and comparative analyzes were performed on the speed control performances of permanent magnet
direct current motor (PMDCM). Two different reference signals have applied to both systems and monitoring performances were
presented graphically and also in the form of a table containing the mean of the squared errors. Simulation-based results have shown
that LADRC, which already has a powerfull control performance, can create a faster system response, especially in steep transitions
and deterioration points in the reference mark, by adjusting its parameters offline with the SOS algorithm. This situation has caused a
decrease in total tracking error and revealed that SOS optimized LADRC has a better tracking performance.
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Dogrusal Etkin Bozucu Engellemeli Denetleyici Parametrelerinin
SOS Algoritmasi ile Ayarlanmasi

Ozet

Bu ¢alismada, Dogrusal Etkin Bozulma Engellemeli Kontroloriin (LADRC) parametrelerinin Simbiyotik Organizma Aramasi (SOS)
algoritmasi ile ayarlanmasi dnerilmigti. LADRC'nin parametreleri hem geleneksel yontemler hem de Simbiyotik Organizma Aramasi
(SOS) algoritmast ile belirlenerek sabit miknatisli dogru akim motorunun (PMDCM) hiz kontrol performanslar tizerinde karsilastirmali
analizler yapilmustir. ki farkli referans isareti her iki sisteme de uygulanmis ve izleme performanslar grafiksel olarak ve ayrica karesel
hatalarinin ortalamasini igeren tablo bi¢ciminde sunulmustur. Benzetim temelli sonuglar zaten oldukga giiglii bir kontrol performansina
sahip olan LADRC’nin parametrelerinin SOS algoritmasi ile ¢evrim-dis1 olarak ayarlanmasi sonucunda 6zellikle referans isaretindeki
dik gecisler ve bozulma noktalarinda daha hizli bir sistem cevabi olusturabildigini gostermistir. Bu durum toplam izleme hatasinin
azalmasina neden olmus ve SOS ile optimize edilmis LADRC nin daha iyi bir izleme performansina sahip oldugunu ortaya koymustur.

Anahtar Kelimeler: ADRC, SOS, optimizasyon.
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1. 1. Introduction

Active disturbance rejection control (ADRC) was first
proposed in Chinese by [Han, 1998], but became more popular
after the English version [Gao et al., 2001] was introduced. Even
with little knowledge of the system to be controlled, ADRC can
be implemented easily and provides great transient response and
control performance. For this reason, it has been used frequently
by researchers especially in applied studies and has been applied
to almost all control engineering fields. Some of these are: DC
brushless servo motor speed control [Gao et al., 2001], Web
Tension Regulation, alternative MEMS Gyroscope design,
temperature control [Zheng and Gao, 2010], PMSM speed control
[Su, 2011, Lietal.,2016,Yi12018, Quetal., 2020], DC-DC power
converter [Sun and Gao, 2005], aerodynamical system control
[Madonski and Herman, 2011], gun control system [Gao et al.,
2013], industrial pressure control [Li, 2016], power plant furnace
regulation [Sun et al., 2019], active suspension system [Wang et
al., 2019], magnetic bearing control [Wang et al., 2020], ship
steering control [Cao et al., 2019].

The original ADRC was presented in a non-linear form. The
linear state of ADRC (LADRC) is equivalent to a custom model-
based classical state-space control that includes a state observer
based on disturbance estimation. While a traditional model
predictive control requires a precise model of the system to be
controlled, it is sufficient to have a rough knowledge of the model
to design the LADRC. From this point of view, LADRC has a
structure that combines the easy applicability of PID type methods
with the powerful features of model-based approaches [Herbst,
2013]. Also, LADRC contains fewer control parameters than the
original non-linear ADRC (NADRC). In addition, easy-to-apply
methods for tuning these parameters are presented, depending on
the controller's bandwidth or settling time [Gao, 2003, Chen et al.,
2011]. Thus, the parameters of both the disturbance estimation
based state observer and the controller can be easily tuned.

Although bandwidth-based controllers can easily find the
controller parameters, they should be optimized for better control
performance and transient response while tracking a reference
signal containing steep changes or encountering a peak
disturbance. Also researchers have studied on optimization to
determine NADRC parameters, where parameter selection is
more difficult and complex. A Chaotic Cloud Cloning Selection
Algorithm (CCCSA) is proposed to overcome the difficulty on the
parameter choosing of NADRC [Zang et al., 2014]. Beside in
[Chao et al. 2019] Adaptive Particle Swarm Optimization
(APSO), is proposed to to tune the parameters of the LADRC for
ship steering. In this paper, Symbiotic Organism Search
Algorithm (SOS) is proposed to tune the parameters of LADRC
to control a permanent magnet DC motor. The tracking
performance results have compared in each other and with
conventional LADRC.

The remainder of this article is organized as follows. In
Section 2, the LADRC structure and parameter adjustment
depending on the controller bandwidth are explained. Then, SOS
algorithm and BB-BC optimization algorithms are given
respectively. Then, in the third Section, simulation-based control
of'a permanent magnet DC motor with LADRC whose parameters
were adjusted in 3 different ways was performed. Also its
performance is presented graphically and as an MSE and
compared. Finally, in Section 4, the paper has been concluded.
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2. LADRC and Parameter Tuning

2.1. LADRC

The linear ADRC is a special type of the original ADRC
introduced in [Han, 1998, Gao et al., 2001] and includes an
extended state observer leading Proportional-Derivative (PD)
controller [Gao, 2003], as shown in Figure 1.
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Figure 1: The block diagram of LADRC.

Consider the plant dynamics as

% (8) = x(t)
xZ(t) = f(xli xZ' t) + bu(t) + d(t) (1)
y(@©)  =x(0).

where x; (t), x,(t) are states, u(t) is the input, y(t) is the output
of the system and d(t) is the external disturbance. It is assumed
that the internal dynamics of the system f(x;, x,, t) and a system
parameter b are unknown.

Considering the uncertainties in the mathematical model, we
can express the parameter b in Equation (1) as b = by + Abgy. by
represents the known part of b and Ab, represents an (unknown)
modeling error. If Equation (1) is rearranged accordingly, we get
Equation (2).

() = x(t)
X, (t) f(xq, %2, t) + bou(t) + Abou(t) + d(t)

2

y®) = x(0).

Assuming only approximate value of b, is known about the
system to be controlled, Equation (1) can be shown as

x1(8) = x,(0)
%) = D(xq,x5u,d, t) + bou(t)
(3)
y@®)  =x(0).
where
D(xq,x5,u,d,t) = f(xq,x5,t) + Abou(t) + d(t) 4)

Here D(x;,x,,u,d,t) is called the total disturbance. Finally,
taking D as an augmented state, Equation (1) is represented as

% () = x,(b)

X, (8) = x3(t) + bou(t)

J.CB (t) = D(xl! x2' u, d! t) (5)
y@®)  =x(0).
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Since it is assumed that only approximate value of b, is
known, an Extended State Observer (ESO) has been proposed as
follows to estimate the values of states of augmented state space
model of a plant in Figure 1.

Z1(t) 0 1 07]|z(0) 0
Z(t) =[0 0 1] z,(O) | + | bo | u(t)
Z5(t) 0 0 0l|z(@® 0

" (©)

L,
L3

UG ESAG))

where z;, z,, z3 are estimations of x;, x,, x3 in Equation (5) and
ly, 15, I3 are gains of the observer. Then the control signal can be
expressed as

_ K,(r(t) —z,(t)) — Kqz, — z3

u(t) by

O]

where K, is the proportional gain and K is the derivative gain of
the PD controller. Thus the plant, the dynamics of which are
assumed unknown except aproximate value of b,, can be
controlled by LADRC, by choosing appropriate observer gains in
Equation (6) and controller gains in Equation (7).

The difficulty in selecting these gain values can be easily
overcome with the method suggested in [Gao, 2003] and
improved in [Herbst, 2013]. According to this design process,
bandwidth of the controller w, is determined first and then the
parameters of the controller can be obtain as

K, =w?
Kp—ZC ®)
a = «W,

Then, the bandwidth of the observer (w,) is chosen 3-10
times of w,, and finally observers gains can be obtain as

ll = 3W0
L = 3w ©)
l3 = Wg

2.2 Symbiotic Organism Search Algorithm

The aim of SOS is to find the most suitable organism by
simulating symbiotic interactions within a paired organism
relationship to solve continuous time numerical optimization
[Cheng and Prayogo, 2014].

SOS starts with the first population of randomly produced
organisms called ecosystems. Each of these organisms is a
candidate solution for the problem being addressed, and they are
handled according to the amount of error they produce when used
in the problem. In each iteration while reaching the optimum
solution, the biological interaction between two organisms in the
ecosystem is imitated. Each iteration consists of 3 phases:

i. the mutualism phase,
ii. the commensalism phase and
iii.  the parasitism phase.

The mutualism phase mimics the effects of two interacting
organisms in nature on each other. Both organisms interact to
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increase their mutual survival advantage in the ecosystem. The
new candidate solutions Xj., and Xj,., they produce are
calculated as

= X; + rand(0,1) * (X,es; — MV * BF;)
= X; + rand(0,1) * (Xpese — MV = BF;)

Xinew
Xjnew (10)

MV = (Xinew + Xjnew)/2

where X; is the i*" member of the ecosystem while X; is the
member of the ecosystem that is chosen randomly and interacts
with X;. MV is the mutual vector presents relationship between X;
and X;. The mutual symbiosis between these two organisms is
modeled rand (0,1) that is a vector of random numbers. BF; and
BF, are the beneficial advantage of the X; and X;, respectively.
Finally, Xp.s. is the highest degree of survival adaptation. If the
fitness value calculated with X;n., and Xj,.,is better than the
previous ones, the candidate solutions are updated and this phase
is completed.

In phase commensalism, while X; tries to exploit the
interaction of X; and X; organisms, the organism X; does not try
to benefit from the association but does not suffer from it. At this
stage, according to the symbiosis between X; and X; organisms,
X;'s new candidate solution is calculated as follows. If the fitness
produced by this new candidate solution is better than the
previous fitness, the X; organism is updated.

Xinew =Xi+ rand(—1,1) = (Xbest - Xj) (11)

In the last stage of SOS, Parasitism phase, a noise vector is
created using X;. If the fitness produced by this vector is better
than the previous fitness, it replaces X;.

3. Case Study

In this study, the angular velocity of the PMDCM, given in
Equation (12) [Stankovich et al.,2014], has controlled by LADRC
to track two different reference signals.

y +204.21y + 8.93 x 103y = 7.89 X 10*u + w (12)

The first signal is a staircase-type reference signal without
external disturbance, and it was used to obtain optimized LADRC
parameters and then for comparison. The second signal is a
constant reference signal containing an external disturbance has
used for only comparison between both optimized and non-
optimized LADRC performances when there exists a disturbance.

The controller bandwidth has chosen as w, = 120rad/sec
in the conventional LADRC design, therefore the controller
parameters in Equation (7) have obtained as K, = 14400 and
Ky = 240. The ESO bandwidth has formed as w, = 10 X w,, so
the ESO gains in Equation (6) have obtained as [, = 3600, [, =
4320000, I; = 1.728 x 10°.

In order to find the optimized parameters of LADRC, the
optimized bandwidth of the controller is obtained first by using
the SOS algorithm. For this purpose, the SOS algorithm was run
for an ecosize with 20 members whose limit values have
determined as [0,200]. Each member in the ecosize can be
considered to be a candidate solution that expresses the best
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controller bandwidth and thus determines the optimized LADRC
parameters. For this reason, in each iteration, LADRC has used in
order to ensure that the first reference signal is followed by the
angular velocity of the PMDCM given by Equation (12). Then a
fitness calculation has performed on the obtained off-line tracking
errors to determine the best solution.

Optimized LADRC versus conventional LADRC have first
compared their performance in tracking the first reference signal.
The tracking performances of two systems have given in MSE in
Table 1 and illustrated graphically in Figure 1. Although the
steady state performances are same, the optimized LADRC by
SOS is faster than conventional one in all transition periods in
Figure 2. This situation is clearly seen from the small graph
showing the focused part in the time period between 1.25-1.35
seconds in Figure 2. On the other hand, the control signal of the
conventional LADRC is smoother than the optimize one
especially for 2.5 seconds from the start.
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Figure 2: Tracking Results for First Reference Signal.

After the SOS Optimized LADRC was successfully tested on
the first reference signal, it has used for the second reference
signal containing a disturbance. At t = 2s, a disturbance has
manually added to the reference signal with an amplitude of
10rad/s for 10ms. The responses of the two systems to this
effect on the reference signal are shown in Figure 3. Although
both systems are quite successful in eliminating the disturbance
effect, the optimized system has better tracking performance with
a faster response. This situation can also be seen on the MSE
values given in Table 1.
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Figure 3: Tracking Results for Second Reference Signal.

These results indicated that LADRC, whose parameters have
determined by conventional method in [Gao, 2003, Herbst, 2013,
Stankovich et al., 2014] has a powerful tracking performance for
steady state period. Hovewer, optimized LADRC is faster
especially for transient period. This shows that the successful
performance of the LADRC can be increased by optimization of
its parameters off-line by SOS algorithm.

Table 1: Tracking Errors in MSE.

Methods Reference 1 Reference 2
Conventional LADRC 6.5 6.4
SOS Optimized LADRC 6.2 6.1

5. Conclusions and Recommendations

In this study, the SOS algorithm has been proposed to adjust
the parameters of LADRC used for the control of a permanent
magnet DC motor. The parameters of LADRC used to enable the
angular velocity of the DC motor to track a stair-case reference
signal have optimized off-line with the SOS algorithm. This
optimized LADRC has compared with conventional LADRC in
their performance in tracking both the stair-case reference that not
contains a disturbance and a step reference containing a
disturbance. The comparative results, which have shown
graphically and in the table of MSE values of the tracking errors,
revealed that the LADRC optimized with the SOS algorithm
shows a better control performance by providing a faster system
response, especially in transition periods.

References

Han, J., (1998). Auto disturbances rejection controller and its
applications. Control Decision (in Chinese), 13(1), 19-23,
1998.

Gao, Z., Huang, Y., & Han, J. (2001, December). An alternative
paradigm for control system design. In Proceedings of the
40th TEEE conference on decision and control (Cat. No.
01CH37228) (Vol. 5, pp. 4578-4585). IEEE.

373



Avrupa Bilim ve Teknoloji Dergisi

Gao, Z. (2006, June). Scaling and bandwidth-parameterization
based controller tuning. In Proceedings of the American
control conference (Vol. 6, pp. 4989-4996).

Chen, X., Li, D., Gao, Z., & Wang, C. (2011, July). Tuning
method for second-order active disturbance rejection control.
In Proceedings of the 30th Chinese control conference (pp.
6322-6327). IEEE.

Herbst, G. (2013). A simulative study on active disturbance
rejection control (ADRC) as a control tool for practitioners.
Electronics, 2(3), 246-279.

Zheng, Q., & Gao, Z. (2010, July). On practical applications of
active disturbance rejection control. In Proceedings of the
29th Chinese control conference (pp. 6095-6100). IEEE.

Su, G. (2011). Fuzzy ADRC controller design for PMSM speed
regulation system. In Advanced Materials Research (Vol.
201, pp. 2405-2408). Trans Tech Publications Ltd.

Li, X., Wang, S., Wang, X., & Shi, T. (2016). Permanent magnet
brushless motor control based on ADRC. In MATEC Web of
Conferences (Vol. 40, p. 08003). EDP Sciences.

Yi, L., Zhang, C., Jia, Y., & Ou, Y. (2018). A Direct Torque
Control of Permanent Magnet Synchronous Motor for
Electric Vehicles Based on ADRC Optimized by CKMTOA-
KELM. DEStech Transactions on Environment, Energy and
Earth Sciences, (appeec).

Qu, L., Qiao, W., & Qu, L. (2020). Active-disturbance-rejection-
based sliding-mode current control for permanent-magnet
synchronous motors. IEEE Transactions on Power
Electronics, 36(1), 751-760..

Sun, B., & Gao, Z. (2005). A DSP-based active disturbance
rejection control design for a 1-kW H-bridge DC-DC power
converter. IEEE Transactions on Industrial Electronics, 52(5),
1271-1277.

Madonski, R., & Herman, P. (2011, June). An experimental
verification of adrc robustness on a cross-coupled
aerodynamical system. In 2011 IEEE International
Symposium on Industrial Electronics (pp. 859-863). IEEE.

Gao, Q., Sun, Z., Yang, G., Hou, R., Wang, L., & Hou, Y. (2012).
A novel active disturbance rejection-based control strategy
for a gun control system. Journal of Mechanical Science and
Technology, 26(12), 4141-4148.

Li, X. (2016). A Simulation and Experimental Study of Active
Disturbance Rejection for Industrial Pressure Control
(Doctoral dissertation, Cleveland State University).

Sun, L., Zhang, Y., Li, D., & Lee, K. Y. (2019). Tuning of Active
Disturbance Rejection Control with application to power
plant furnace regulation. Control Engineering Practice, 92,
104122.

Wang, H., Lu, Y., Tian, Y., & Christov, N. (2020). Fuzzy sliding
mode based active disturbance rejection control for active
suspension system. Proceedings of the Institution of
Mechanical Engineers, Part D: Journal of Automobile
Engineering, 234(2-3), 449-457.

Wang, S., Zhu, H., Wu, M., & Zhang, W. (2020). Active
disturbance rejection decoupling control for three-degree-of-
freedom six-pole active magnetic bearing based on bp neural
network. IEEE Transactions on Applied Superconductivity,
30(4), 1-5.

Cao, J., Zhou, Y., Li, R., & Zhu, J. (2019, June). Design of
Optimal Ship Steering Active Disturbance Rejection
Controller Based on Adaptive Particle Swarm Optimization.
In 2019 IEEE Congress on Evolutionary Computation (CEC)
(pp. 1345-1350). IEEE.

e-ISSN: 2148-2683

Chen, X., Li, D., Gao, Z., & Wang, C. (2011, July). Tuning
method for second-order active disturbance rejection control.
In Proceedings of the 30th Chinese control conference (pp.
6322-6327). IEEE.

Zhang, Y., Fan, C., Zhao, F., Ai, Z., & Gong, Z. (2014). Parameter
tuning of ADRC and its application based on CCCSA.
Nonlinear dynamics, 76(2), 1185-1194.

Cao, J., Zhou, Y., Li, R., & Zhu, J. (2019, June). Design of
Optimal Ship Steering Active Disturbance Rejection
Controller Based on Adaptive Particle Swarm Optimization.
In 2019 IEEE Congress on Evolutionary Computation (CEC)
(pp. 1345-1350). IEEE.

Cheng, M. Y., & Prayogo, D. (2014). Symbiotic organisms search:
a new metaheuristic optimization algorithm. Computers &
Structures, 139, 98-112.

Stankovic, M., Manojlovic, S., Simic, S., & Jovanovic, Z. (2014).
Implementation of active disturbance rejection control on
FPGA. In International Conference on Electrical, Electronic
and Computing Engineering (ICETRAN).

374



