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Abstract: Based on studying active disturbance rejection control technology, a user defined Active
Disturbance Rejection Controller (ADRC) block library was established in MATLAB / SIMULINK, by the way
of developing M-function files for special nonlinear function and the subsystem packaging technology of
building system modules for Tracking Differentiator(TD), Extended State Observer(ESO) and Non Linear State
Error Feedback(NLSEF). The simulation example shows that the ADRC simulation model can be built in
graphic modeling method, and the block parameters are easy to modify by using the defined ADRC module.
Furthermore, the way to create new ADRC block library is simple and the library is easy to extend. Meanwhile
it is a useful tool for searching and simulation of active disturbance rejection control technology.
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I. Introduction

The Active Disturbance Rejection Controller (ADRC), invented by Han Jing-Qing who serves in Chinese
Academy of Science, is a new type of nonlinear controller which is based on active disturbance rejection control
technology. It does not depend on system model andcan estimate and compensate the influences of all the
internal and external disturbances in real time when system is activating. It has fine control performances, such
as quick response, small overshoot and good robustness because of its non-linear dynamic structure and high
efficiency nonlinear error feedback mechanism. For these reasons, it has been widely used in aviation, aerospace,
power and chemical industry™=.

MATLAB/SIMULINK is integrated with numerical calculate and interactive graphical modeling
environment, widely used in control system simulation. Though it plays an important role in the research of
ADRC, the ADRC model established by inherent modules of MATLAB/SIMULINK is very complex and
difficult to achieve.

For these reasons, according to the modular modeling method, a user defined ADRC block library should
be established. The defined ADRC block library was created via the written M-function files for special
nonlinear function, the modeling of new dynamic system structure such as Tracking Differentiator (TD),
Extended State Observer (ESO) and Nonlinear State Error Feedback (NLSEF), the technology of masking and
the method of building block library™. The established ADRC block library makes it easy to modify system's
parameters, reduces the programming workload and simplifies the simulation process.

I1. The Basic Principles of ADRC

A. The Structure of ADRC

The ADRC originates in the classical PID controller, and retains the core idea of PID error feedback control.
The auto disturbance rejection controller is composed of three parts, that’s TD, ESO and NLSEF® .. Their roles
are as follows:
a. TD is used to arrange the transition process for the input of a system in order to achieve smooth input signals
and differential ones.
b. ESO of ADRC is a kind of robust control. The method can compensate internal perturbationsand external
disturbances, and achieve the dynamic feedback linearization. It is a real-time tracking system state as a key
technique in the ADRC technology.
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c. The function of NLSEF is combining the tracking signal and differential signal generated by TD and the
system's estimated state given by ESO with nonlinear function to achieve a control volume. The output of
NLSEF is the control volume of the controlled object.

Taking a two-order system for example, its standard ADRC structure is usually as Fig.lle].
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Fig. 1. The ADRC structure of a two-order system

B. The Algorithm of ADRC
There are many nonlinear function forms for the ADRC algorithm, while the classical second order
functions of the ADRC algorithm are as follows,
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Where, fal( x, o, d) is a nonlinear function, written as
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And fhan ( X4, X5, I, h)is also a nonlinear function, denoted as
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In the formula (1), v, is the tracking signal of the given input signal, while v,is the differential signal. u is
the control volume and the input signal of controlled object, while y is the output signal. Both u and y are the
input signals of ESO. The output signals are z;, z, and z3. z;and z,are the variables of the estimated state. zzis the
estimated signal on which the internal disturbance and external interference are working, that is the estimated
signal of total disturbances. ry, Bo1s fo2s Bozs Cs I» h,hy and bpare parameters of ADRC. h is the simulation step.
rois determined according to the speed of the transition process and the system's ability to withstand disturbance.
It just influences the tracking accuracy and the transition process time but has no influence on the output. Once
regulated, it can be fixed. fo1, Bo, and Bos can be determined by system's sampling step. Therefore, only four
parameters need to regulate. They are control gain r, damping coefficient c, precision factor h;and compensation
factor hy,.

I11. Simulink Modeling of ADRC
Under Simulink environment, the simulation model is built according to the ADRC algorithm.The ‘Edit
Mask’ command in Simulink provides all the operations and value settings of edited module while packaging
subsystem. It can mask any subsystem.After packaging, the subsystem can be used to replace the parameter box
and content with a simple one. The encapsulated subsystem can be put into a new defined library. Through that,
a user-defined library!"® can be created and displayed in the library browser.

A. Subsystem Encapsulation Process

Encapsulation is masking the subsystem into a module that has special function. The module as the inherent
module in Simulink has its own icon and parameter dialog box. Double click the module a dialog box in which
one can set parameter values® will be popped up. Take the ESO of typical second order ADRC system as an
example, it gives a detail introduction of the subsystem masking process. The algorithm of the ESO is
characterized as follows,

E=z—Y

fe= fal(e,0.5,h)

fe,= fal(e,0.25,h)
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WWw.ijres.org 64 | Page



Modeling and Simulation of an Active Disturbance Rejection Controller Based on Matlab/Simulink

According to the ESO algorithm, with the basic module of Simulink, the simulation model of ESO is
established and shown in Fig. 2 (a). In the process of modeling, the nonlinear function fa/( x, a, d) of the
algorithm should be written into the M-file. Then the M-file is called by the MATLAB FUNCTIONI**Imodule
to complete the establishment of the model. When packaged, the subsystem is able to be named, described and
illustrated. Meanwhile, the input data window can be designed. The ESO subsystem masking steps are as
follows.

a. Create an encapsulation dialog prompt

Create a subsystem encapsulation; Select a subsystem module and Edit Mask command from the Edit menu.
Add the five parameters h, beltay,, beltay,, beltags and b, of the ESO into the parameter option page. Each
parameter is defined as an edit control. Then users can set values in the dialog box.

b. Create module descriptions and help texts

Mask types, mask descriptions and mask help texts can be defined in the documentation option page.
Through them you can edit the module mask types, descriptions and help texts.

c. Create module icon

Through the above two steps, a defined dialog box is created for the ESO subsystem. But the subsystem
module is still shown as a usual Simulink subsystem icon which is not easy to identify. Simulink provides a
group of drawing commands with which can display text, show transfer function, draw a curve or more curves
as the subsystem icon. Users can draw self-defined module icon with the MATLAB language written into the
"Drawing Commands" edit box in icon option page. For example, if the "disp(ESO")" command is written,
"ESO" will be shown as a subsystem mask icon. With all the above finished, the subsystem encapsulation is
completed. The packaging subsystem is shown in Fig. 2 (b), where u is an input signal, e is an error signal. z;and
2,are the variables of an estimated state.z; is the real-time estimate signal of the internal disturbance and external
interference. If a subsystem module is double clicked, a parameter setting window will be shown in Fig. 2 (¢),
and users can change parameter values directly. TD and NLSEF can also be established in the same way. The
model of the second order ADRC is shown in Fig. 3.
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Fig. 2(a). The simulation model of an ESO subsystem
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Fig. 3. The model of ADRC

B. User-defined Library

Under Matlab development environment, with the simulink simulation platform, a user library file can be
defined and shown in ‘Library Brower’. Users can collect the frequently-used and self-defined mask modules
together to build a library file that is convenient to use. In order to build a Simulink library file, one can first
open the Simulink workspace window and a new library window page, and then add user-defined modules to
the window. After the defined library file is named and saved, a user-defined library file is built. A sIblocks.m
file should be established if users want the created library to be shown in the Simulink Library Brower. After
that, the catalog of the user-defined module library is added onto the MATLAB path. If the library browser is
refreshed or opened, the user-defined module library will be shown out. By the above steps, an ADRC Library is
defined, including a first order ADRC system, a second order ADRC system and a third order ADRC system.
When the ADRC block library is established, the modules in it can be directly called and can save much time for
modeling. The ADRC library is shown in Fig. 3.
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Fig. 3. The defined ADRC library

IV. Simulations
Through the above method, model and simulate the given object. And its form is as follows.

X1= X,
X, = f (X1’ XzaW(t)’t) +bu ®)
Y=x1

Where, w(t) is external disturbance variable, u is control variable, b is magnification factor, y is output variable,
f (X1, X2, W(t), t) is the total external and internal disturbances function.
Set function f (xg, X, W(t), t) as:

f (x11x2:1) = ,€08(wi t) X1+ 7,COS (W, 1) x, +W(E),
w(t) =0.5sign(sin(wt)).

Setsystem parameters as: b=1,y; =y,=1, w; =0.6, w, =0.7, w= 1. Set control object:v,=-sign(t-10), namely
the first 10 seconds the value is 1.0, after 10 seconds the value is -1.0, it's called jump function. According to
experience and experiments, set controller parameters as: h=0.01, ro =2, Bo1=100, By;=300, By3=1000, r=5,
¢=0.3, h;=0.03.

According to the above modeling method and operation steps in section 111, an ADRC for the above object is
designed and modeled. The model is shown in Fig. 4. The simulation results are displayed in different scopes, as
shown in Figs. 5, 6 and 7.
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Fig. 4. The simulation model of an ADRC system
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Fig. 7. The total disturbance and its estimation curve

Fig. 5 is the response curve of the system and shows that the system response rapidly and has no overshoot.
Fig. 6 shows the curves of the whole control u(t) and error feedback control u(t). Fig. 7 shows the curves of
system's total disturbances and its estimated values. Through fig7, it's obvious that ESO can estimate and
compensate well about the real time action f(x;, X, t, w(t)) of system's total disturbances. Through the system'’s
disturbance compensation, it can compensate the original system to be a linear integral tandem system. Then
with the error feedback method, the closed-loop has a satisfactory performance and the auto disturbance
function of ADRC has been realized.

V. CONCLUSIONS
In this paper, the structure and principle of ADRC are analyzed. According to a specific algorithm, the
two-order ADRC model is established based on the Matlab/Simulink simulation platform. A user-defined
library and some defined modules of ADRC are built in the Simulink environment. Simulations prove that the
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modeling is practical and valid.
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