communicated by Jianbin Qiu

Accepted Manuscript

NEUROCOMPUTING

e s i

Optimized linear active disturbance rejection control for pneumatic
servo systems via least squares support vector machine

Ling Zhao, Bin Zhang, Hongjiu Yang, Qi Li

PIl: S0925-2312(17)30393-4

DOL: 10.1016/j.neucom.2017.02.069 e
Reference: NEUCOM 18143 PUBLICATIONS
To appear in: Neurocomputing

Received date: 17 March 2016

Revised date: 23 February 2017

Accepted date: 26 February 2017

Please cite this article as: Ling Zhao, Bin Zhang, Hongjiu Yang, Qi Li, Optimized linear active dis-
turbance rejection control for pneumatic servo systems via least squares support vector machine,
Neurocomputing (2017), doi: 10.1016/j.neucom.2017.02.069

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.neucom.2017.02.069
http://dx.doi.org/10.1016/j.neucom.2017.02.069

Optimized linear active disturbance rejection control for pneumatic servo

systems via least squares support vector machine

Ling Zhao'} Bin Zhang', Hongjiu Yang? and Qi Li'
1. Hebei Province Key Laboratory of Heavy Machinery Fluid Power Transmission and Control, the College of Mechanical
Engineering, Yanshan University, Qinhuangdao 066004, China.

2. Institute of Electrical Engineering, Yanshan University, Qinhuangdao 066004, China:

Abstract. This paper presents an optimized linear active disturbance rejection controller to improve the response rapidity
and anti-interference ability of a pneumatic servo system. Both a linear extended state observer and a least squares support
vector machine are established to estimate and compensate total nonlinearity of the:system. Moreover, a linear state error
feedback controller is designed to ensure good performances of the closed-loop.system. In addition, estimation error and
tracking error are bounded and decrease with the increase of their respective eigenvalues. Lastly, simulation results show
that the optimized controller has the better response rapidity and anti-intérference ability than the traditional controller.

Keywords: Active disturbance rejection control, pneumatic servo systém, positioning control, least squares support vector
machine (LSSVM).

1. Introduction

In recent years, pneumatic servo systems have been| increasingly popular due to their advantages of rapidness response,
safety operation, low cost, cleanliness/andyhigh power-weight ratio [1]. Pneumatic servo systems are traditional sys-
tems and have a wide variety of applications,/such as food packing, medical areas, robots, mechanical operations and
automotive industry [2]. Howeyer, it is difficult to acquire a precise positioning control for pneumatic servo systems
because of strong nonlinearity which is'caused by air compressibility, large friction forces and nonlinear properties of
servo valves [3]. Therefore, itiis worth to study on positioning control of pneumatic servo systems. Many researchers
have designed a series«Of control strategies to improve the performances of pneumatic servo systems, please refer to [4].
Various modified PID contrellers have been designed to improve self adaptability and robustness of pneumatic servo sys-
tems, such as in [5]. Sliding model control has also been widely used in pneumatic servo systems due to robustness and
tolerance for/uncertainti€s [6]. In [7], back-stepping control has been introduced to achieve good control performances of
pneumatic servo systems. However, it is very difficult to achieve a high control precision in PID controllers [8]. Moreover,
sliding'medel control and back-stepping control require highly complete mathematical models which are hardly obtained
for pneumatic servo systems [9, 10]. Therefore, it is a key task to design an optimized controller for pneumatic servo
systems satisfying a high control precision and doing not rely on an accuracy mathematical model in this topic.

Active disturbance rejection control, which was proposed by Han Jingqing in 1990s, does not rely on an accuracy math-
ematical model but has a high control precision [11]. The control method has been widely used in many fields, such as
drag tracking in MARS entry guidance [12], diving control of autonomous underwater vehicle [13], airship horizontal
trajectory tracking control [14] and permanent-magnet synchronous motors [15]. The active disturbance rejection control
consists of a tracking differentiator, an extended state observer and a state error feedback controller [16]. The tracking
differentiator, which is usually used to get a differential signal of input signal, can reduce overshoot effectively [17].
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