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Motivation 
 Due to the compressibility of air and nonlinear characteristics 

of pneumatic elements, pneumatic servo control is very 
difficult. 

 For the parallel platform used in virtual reality entertainment 
equipment (a four-dimensional (4D) movie chair), posture 
condition and load forces vary heavily during ordinary 
operation.  
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Main idea 
1. A direct part is integrated into the robust controller 

design to raise the transient performance. 

2. A new method integrated with parameter initialization 
(ARCPI) is proposed for posture control for the parallel 
pneumatic manipulator to overcome the disadvantages 
caused by the variation of the initial estimation value. 
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Transition matrix 

constraint equations 

Inverse kinematics 

Xd(α(t), β(t), Z(t)) 

xd(L1(t), L2(t), L3(t)) 

Workspace 

Jointspace 

Mechanical structure of the 3-RPS pneumatic platform 

1. Modeling of a 3-RPS pneumatic platform- 
Kinematics 
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2. Modeling of a 3-RPS pneumatic platform- 
Dynamics 

Mass 
part 

Energy 
part 

Pressure diff friction Load 

disturbance Modeling error 

controller 
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Load compensation 

Load paras vector 

Observation matrix 

Gibbs-Appell equation 

reducing 

Load paras estimation 

Determination of the parameters’ initial 
values can help the system status converge 
into a specific stable condition faster, 
compared with nonchangeable initial 
factors. To estimate these numbers, 
identification of the dynamic parameters 
of the 3-RPS system can be helpful. 

Atkeson, Christopher G, An, Chae H, 
Hollerbach, John M, 1985. Rigid body 
load identification for manipulators. 
Decision and Control, 1985 24th IEEE 
Conference on, p.996–1002. 

Definitions and calculation  

3. Load parameters initialization/estimation 
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4. Controller design – fast compensators 

Meng, Deyuan, Tao, 
Guoliang, Zhu, 
Xiaocong, 2013. 
Integrated 
direct/indirect 
adaptive robust 
motion trajectory 
tracking control of 
pneumatic cylinders. 
International 
Journal of Control, 
86(9):1620–1633 
 

1st level calculation  
ped 

2nd level calculation  
qed 

Low 
freq 

High 
freq 

To compensate for the uncertainty and the influence caused by estimations, a fast 
dynamic compensator is integrated in the controller design. 
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5. Results 

Tracking error w/o ARCPI method Tracking error w ARCPI method 

Tracking error analysis 
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5. Conclusions 

 Parameter uncertainty and nonlinear features can be estimated and 
inhibited by online estimation methods and robust parts of the 
controller.  
 The experimental results indicated that the unknown parameters are 

indeed bounded and converge. 
 The parameter identification not only prevents the vibration 

phenomenon but also decreases the estimation time when given a 
set of better initial parameter values.  
 Compared to previous methods such as SMC and the basic ARC 

controller, the proposed method can improve the tracking 
performance by the integrated direct/indirect adaptive robust design. 
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