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 Under a constant loading condition, use of a controller with constant coefficients can be acceptable for 
servo pneumatic systems. However, in variable loads with widespread changes, more advanced control 
methods should be considered to achieve desirable performance. In this paper, an adaptive controller is 
designed and implemented to a variably loaded servo pneumatic system with PWM driven switching 
valve. In the experimental setup, a pneumatic circuit is used which consists of one PWM driven fast 
switching valve instead of an expensive servo or proportional valve. In the designed adaptive controller, 
real time identification of system parameters is performed using input-output data and controller 
parameters are adjusted instantaneously. “Self-tuning regulators” algorithm in which the desired closed 
loop poles and zeroes are predefined, is applied to design the proposed controller. The designed 
controller is applied to the pneumatic actuator via an interface board and its results are compared to 
results of a PD and a multi model controller. Unlike the proposed method which varies the control 
parameters continuously according to load variations, in multi-model method the control law is selected 
among a number of fixed controllers. Experimental results demonstrate the high performance of the 
adaptive controller under variable loads. 
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Fig. 1 Experimental setup 
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Table 1 Experimental setup specification 
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Fig. 2 PWM signal generating 
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Fig. 3 PWM signal generator 
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Fig. 4 The applied pneumatic circuit 
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Fig. 5 Block diagram of the self-tuning regulator 
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Fig. 6 Two degree of freedom RST controller 
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Fig. 7 Comparison of system and model outputs with different 
identification time. a) 0 sec b) 2 sec c) 4 sec 
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Fig. 8 Adaptive controller performance in load change from 0 to 20 kg. 
a) Load change b) Response 
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Fig. 9 Effect of forget factor on controller performance. a) Load change 
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Fig. 10 Effect of pole place on controller performance. a) Load change  
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Fig. 11 a) Load change b) Performance of adaptive controller. 
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Fig. 12 a) Load change b) Performance of multi model controller. 
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Fig. 13 a) Load change b) Performance of PD controller in average 
loading condition 
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Table 2 Tracking error of the controllers 
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     NMBE NRMSE 

 0.182 0.0726 
 0.0788 0.0311 

 0.0950 0.0539 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

                           

  

188  1395166  

PWM  .
     

 .    

 .     

 .       
           

 .  
       

 .     
     

  
  

 

6 -   
[1] P. R. Moore, J. S. Pu, Pneumatic servo actuator technology, IEE colloquium: 

Actuator Technology: Current Practice and New Developments, Vol. 1, No. 
1, pp. 3/1-3/6, 1996.  

[2] M. Taghizadeh, A. Ghaffari, F. Najafi, Modeling and identification of a 
solenoid valve for PWM control applications, Comptes Rendus Mecanique, 
Vol. 337, No. 3, pp. 131–140, 2009. 

[3] M. Taghizadeh, A. Ghaffari, F. Najafi, Improving dynamic performances of 
PWM-driven servo-pneumatic systems via a novel pneumatic circuit, ISA 
Transaction, Vol. 48, No. 4, pp. 512–518, 2009. 

[4] S. Goldstein, H. Richardson, A differential pulse-width modulated pneumatic 
servo utilizing floating flapper disc switching valves, ASME Transaction 
Journal of Basic Ejgineering, Series C, Vol. 90, No. 2, pp. 143-151, 1968. 

[5] T. Noritsugu, Development of PWM mode electro-pneumatic 
servomechanism, Part I: Speed control of pneumatic system, Journal  Fluid 
control, Vol. 17, No. 2, pp. 7-28, 1987. 

[6] T. Noritsugu, Development of PWM mode electro-pneumatic 
servomechanism, Part II: Position control of pneumatic system, Journal 
Fluid control, Vol. 17, No. 2, pp. 65-79, 1987. 

[7] V. Varseveld, G. Bone, Accurate position control of a pneumatic actuator 
using on/off solenoid valves, IEEE/ASME Transaction Mechatron, Vol. 2, 
No. 3, pp. 195–204, 1997. 

[8] M. Taghizadeh, A. Ghaffari, F. Najafi, Increased tracking ability of pulse 
width modulation-driven pneumatic servo systems via a modified pneumatic 

circuit, Electrical Engineering, Vol. 91, No. 2, pp. 79–87, 2009. 
[9] M. Sorli, S. Pastorelli, Performance of a pneumatic force controlling 

servosystem: influence of valves conductance, Robotics and Autonomus 
Systems, Vol. 30, No. 3, pp. 283–300, 2000. 

[10] K. Ahn, S. Yokota, Intelligent switching control of pneumatic actuaror using 
on/off solenoid valves, Mechatronics, Vol. 15, No. 6, pp. 683–702, 2005. 

[11] C. Kunt, R. Singh, A linear time varying model for on-off valve controlled 
pneumatic actuator, ASME of Dynamic System Measurment and Control, Vol. 
112, No. 4, pp. 740-748, 1990. 

[12] N. Ye, S. Scavarda, M. Betemps, A. Jutard, Models of pneumatic PWM 
solenoid valve for engineering application, ASME of Dynamic System 
Measurment and Control, Vol. 114, No. 4, pp. 680-688, 1992. 

[13] J. Y. Lai, C. H. Menq, R. Singh, Accurate position control of a pneumatic 
actuator, ASME of Dynamic System Measurment and Control, Vol. 112, No. 
4, pp. 734-739, 1990. 

[14] A. Gentile, N. Giannoccaro, G. Reina, Exprimental tests on position control 
of a pneumatic actuator using on/off solenoid valves, Proceeding of 
IEEE/ICIT, Bangkok, Vol. 1, pp. 555-559, 2002. 

[15] A. K. Paul, J. K. Mishra, M. G. Radke, Reduced order sliding mode control 
for pneumatic actuator, IEEE Transaction on control systems technology, 
Vol. 2, No. 3, pp. 271-276, 1994. 

[16] K. Ahn, S. Yokota, Intelligent switching control of pneumatic actuaror using 
on/off solenoid valves, Mechatronics, Vol. 15, No. 16, pp. 683–702, 2005. 

[17] E. J. Barth, J. Zhang, M. Goldfarb, Sliding mode approach to PWM-
controlled pneumatic systems, The American Control Conference, 
Anchorage Alaska, Vol. 3, IEEE Cat. No. CH37301, pp. 2362–2367, 2002. 

[18] X. Shen, J. Zhang, E. J. Barth, M. Goldfarb, Non linear averaging applied to 
the control of pulse width modulated (PWM) pneumatic systems, The 
American Control Conference, Boston, Vol. 5, pp. 4444–4448, 2004. 

[19] X. Shen, J. Zhang, E. J. Barth, M. Goldfarb, Nonlinear model-based control 
of pulsewidth modulated pneumatic servo systems, ASME Transaction 
Journal of Dynamic Systems, Measurment and Control, Vol. 128, No. 3, pp. 
663–669, 2006. 

[20] T. Nguyen, J. Leavitt, F. Jabbari, J. E. Bobrow, Accurate sliding-mode 
control of pneumatic systems using low-cost solenoid valves, IEEE/ASME 
Transactions on Mechatronics, Vol. 12, No. 2, pp. 216–219, 2007. 

[21] N.  Hosseingholi Arbab, F. Najafi, Impedance control of a pneumatic 
actuator with solenoid on/off valves,  Modares Mechanical Engineering, Vol. 
14, No. 4, pp. 12-20, 2014. (in Persian ) 

[22] M. C. Shih, C. Hwang, Fuzzy PWM control of the positions of a pneumatic 
robot cylinder using high speed solenoid valve, JSME International Journal, 
Vol. 40, No. 3, pp. 469–476, 1997. 

[23] M. C. Shih, M. Ma, Position control of a pneumatic rodless cylinder using 
fuzzy PWM control method, Mechatronics, Vol. 41, No. 2, pp. 241–253, 
1998. 

[24] M. Taghizadeh, A. Ghaffari, F. Najafi, Multimodel PD-control of a 
pneumatic actuator under variable loads, The International Journal of 
Advanced Manufacturing Technology, Vol. 48, No. 5, pp. 655–662, 2010. 

[25] K. J. Astrom, B. Wittenmark, Adaptive Control, Second Edittion, Dover 
publications INC, New York, 2008. 

[26] D. Li, G. Cheung, Study of Models for Predicting the Diffuse Irradiance on 
Inclined Surfaces, Elsevier Applied Energy, Vol. 81, No. 2, pp. 170–186, 
2005. 

www.sid.ir

