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Introduction- This paper presents a stable linear adaptive control scheme 

for the position control of a pneumatic actuator system.  

Purpose- The aim of the proposed approach is to construct this unknown 

ideal controller using a simple linear controller with a stable adaptation 

mechanism. 

Methodology -The proposed controller does not require the experimental 

identification of the mass flow rate, which is really a novelty in the field of 

such applications. The controller synthesis is based on an uncertain non-

affine nonlinear model of the pneumatic system. Firstly, the existence of an 

ideal controller which can achieve position control objectives is 

demonstrated using the implicit function theory. Nevertheless, even if the 

actuator model is well-known, this ideal controller cannot be known and 

computed. The stability of the closed-loop system is studied by using a 

Lyapunov approach.  

Results & Analysis- Finally, simulation results are provided to show the 

capabilities of the presented control method. 

 

Comment: The method been used in this study is simple yet effective to 

obtain desired results. The abstract is well performed. 
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Introduction- Pneumatic systems are highly non-linear by their nature. 

Despite their many advantages like reliability, compliance for interaction 

tasks requiring back drivability, high power to weight ratio, the use of such 

systems is restricted primarily because of its high initial cost.                                                               

Methodology - This paper presents the development of a robust observer 

based controller  

Purpose- to eliminate costly pressure sensors and therefore obtain a low 

cost pneumatic servo system.                                            

Results & Analysis- Experimental results are presented that demonstrate 

the effectiveness of this pressure observer based controller. 

 

Comment: The high non linearity of pneumatic system cannot be 

eliminated instead it can be reduced through some methods. Obtaining a 

low cost pneumatic servo system is worthy. 
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IEEE 

Transactions on 
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Introduction- Pneumatic actuators are low-cost, safe, clean, and exhibit a 

high power to weight ratio.  

Purpose- In this paper, a new modeling approach and control law for 

pneumatic servo actuators are presented.                                                                                                                               

Methodology- The nonlinear system model is developed using a 

combination of mechanistic and empirical methods. The use of novel 

bipolynomial functions to model the valve flow rates is shown to produce a 

more accurate solution than prior approaches. A novel multiple-input 

single-output nonlinear position control law is designed using the back 

stepping methodology.                                                                                     

Results & Analysis- The stability analysis includes the effects of friction 

modeling error and valve modeling error. Experiments are conducted with 

9.5mm bore and 6.4mm bore pneumatic cylinders, and four low-cost two-

way proportional valves.                                                                                                                        

Findings- In experiments with the 9.5mm bore cylinder and a 1.5kg 

moving mass, maximum tracking errors of ±0.5mm for a 1Hz sine wave 

trajectory, and steady-state errors within ±0.05mm for S-curve trajectory 

were achieved. 

 

Comment: In order to model and control the nonlinear system, two 

combination of method were introduced in this paper. 
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Introduction- The pneumatic actuator represents the main force control 

operator in man industrial applications, where its static and dynamic 

characteristics play an important role in the overall behavior of the control 

system.                                                                                                                                 

Purpose- Therefore improving the dynamic behavior of the pneumatic 

actuator is of prime interest to control system designers. This paper is the 

review of literature that related of the pneumatic actuator systems. 

Methodology- In particular, the innovations in different control strategies 

applied to pneumatic actuators along with the modeling, controlling and 

simulation techniques developed for different applications of pneumatic 

actuators are reviewed. The review concentrates also on the analysis, 

investigation, performance, practical constraints, nonlinearities, 
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uncertainties and the new applications of the pneumatic actuators. 

 

Comment: It is known that both static and dynamic behavior are very 

important for a system. Thus, both system need to be controlled. 
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No.3, pp. 416-425 

 

Introduction- In this paper, we developed a detailed mathematical model 

of dual action pneumatic actuators controlled with proportional spool 

valves.                                                                                            

Purpose- Effects of nonlinear flow through the valve, air compressibility 

in cylinder chambers, leakage between chambers, end of stroke inactive 

volume, and time delay and attenuation in the pneumatic lines were 

carefully considered.                                                                                                                          

Methodology- System identification, numerical simulation and model 

validation experiments were conducted for two types of air cylinders and 

different connecting tubes length, showing very good agreement.       

Findings- This mathematical model will be used in the development of 

high performance nonlinear force controllers, with applications in 

teleoperation, haptic interfaces, and robotics.                                               

 

Comment: There are so many effects of nonlinearity of flow through the 

valve that can be modeled and tracked by system identification, numerical 

simulation and model validation. 
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A High Performance 

Pneumatic 

Force Actuator 

System: Part 

II—Nonlinear 

Controller Design 

Edmond Richer, 

Yildirim, 

Hurmuzlu 

Vol. 122, 

SEPTEMBER 

2000 Copyright © 

2000 by ASME 

Transactions of 

the ASME 

Introduction- In this article we present two nonlinear force controllers 

based on the sliding mode control theory.  

Methodology- For this purpose we use the detailed mathematical model of 

the pneumatic system developed in the first part of the paper. The first 

controller is based on the complete model, and exhibits superior 

performance both in the numerical simulation and experiments, but 

requires complex online computations for the control law. The second 

controller neglects the valve dynamics and the time delay due to 

connecting tubes. 

Results & Analysis- The performance of this controller exhibits slight 

degradation for configurations with relatively short tubes, and at 
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frequencies up to 20 Hz. At higher frequencies or when long connecting 

tubes are used, however, the performance exhibits significant degradation 

compared to the one provided by the full order controller.  

 

Comment: The mathematical model from Part I is again used in this paper 

in order to design a controller performing some degradation. 
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13(6), 379-390 

(1996) 0 1996 by 

John Wiley & 

Sons, Inc. 

Introduction- There is current interest in the development of legged 

robotic devices inspired by biological walking systems.                                                                                                                                     

Purpose- We have developed an actuator for this type of device that 

closely emulates the performance of muscle.                                                                                                                                                      

Methodology- The actuator is a "leaky" single effect air cylinder 

controlled through a 3-way valve that either permits charging the cylinder 

with compressed air or opens it to the atmosphere. To emulate muscular 

activation with trains of identical nerve impulses that vary in frequency, we 

controlled the pressure in the cylinder through pulse frequency modulation. 

To allow a comparison between our cylinder and muscle, we evaluated the 

open loop performance of the cylinder and valve system in isometric (no 

motion) and linear isotonic (constant load) conditions.                                                                                                          

Results & Analysis- We demonstrate that this mode of activation of the 

cylinder makes its behavior quite close to that of muscle. Furthermore, our 

cylinder halve system generated twice the tension developed by muscle of 

the same cross-sectional area, with half its power-to-weight ratio. 

 

Comment: It is known that pneumatic actuator having the advantage of 

high power-to-weight ratio or torque-to-inertia ratio. This paper 

demonstrates a pneumatic actuator powered by modulated air pulses which 

obtained a good result of having its half power-to-weight ratio. 
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International 

Journal of 

Computers, 

Communications 

& Control 

Introduction- There is a great diversity of ways to use fuzzy inference in 

robot control systems, either in the place where it is applied in the control 

scheme or in the form or type of inference algorithms used.  

Purpose- On the other hand, artificial neural networks ability to simulate 

nonlinear systems is used in different researches in order to develop 
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Manolescu Vol. II (2007), 

No. 4, pp. 375-

387 

automated control systems of industrial processes.  

Methodology- In these applications of neural networks, there are two 

important steps: system identification (development of neural process 

model) and development of control (definition of neural control structure). 

In this paper we present some modelling applications, which uses fuzzy 

and neural controllers, developed on a pneumatic actuator containing a 

force and a position sensor, which can be used for robotic grinding 

operations. Following the simulation one of the algorithms was tested on 

an experimental setup. The paper also presents the development of a 

NARMA-L2 neural controller for a pneumatic actuator using position 

feedback.  

Results & Analysis -The structure had been trained and validated, 

obtaining good results. 

 

Comment: Fuzzy and neural controller and system identification are used 

in this research to develop the automated control system, y 
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2013 IEEE 9th 

International 
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Purpose- In this paper, two optimization techniques of Particle Swarm 

Optimization (PSO) and Firefly Algorithm (FA) is used to obtain the 

optimal PID control parameters.  

Methodology- To represent the model of the system, system identification 

with ARX model structure is developed.  

Results & Analysis- The results are determined by analysis the step 

response characteristic of the system. It was observed that the 

performances of PID controller with PSO optimized parameters perform 

well in position tracking of the pneumatic actuator system. 

 

Comment: This is a good research paper about developing, modeling and 

tracking pneumatic actuator using system identification. 

 

10 

 

 

**6 

Pneumatic motion 

control using 

magnetorheological 

technology 

Mark R. Jolly 

 

Smart Structures 

and Materials 

2001: Industrial 

and Commercial 

Introduction- A new concept for pneumatic motion control is discussed 

that is enabled by magnetorheological (MR) technology. This concept 

involves placing MR braking devices functionally in parallel with 

pneumatic actuators. Through closed-loop feedback of a position sensor, 
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 Applications of 

Smart Structures 

Technologies, 

Anna-Maria R. 

McGowan, 

Editor, 

Proceedings of 

SPIE Vol. 4332 

(2001) 

© 2001 SPIE · 

0277-

786X/01/$15.00 

accurate and robust motion control is achieved. Furthermore, these systems 

address many of the problematic issues associated with other pneumatic 

motion control systems such as: complexity, compliance and sensitivity to 

air quality.  

Methodology- The basic system structure is presented as well as several 

concepts for MR-pneumatic actuators. A general control structure is 

proposed that can implicitly accommodate the inherent tradeoff between 

speed and accuracy in motion control systems.  

Results & Analysis- Some laboratory data is presented that explores the 

behavior of these systems and the nature of this tradeoff. Ideally, this 

technology will fill a niche between unsophisticated directional control and 

complex servo control systems. 

Keywords: Magnetorheological (MR) fluid, magnetic powder brake, 

pneumatic motion, servo control. 

 

Comment: A new and complex technology of magnetorheological is 

introduced in this paper resulting in good performance of system having 

problems in complexity, compliance and sensitivity to air quality. 
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Pneumatic Actuator 
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Journal of 
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JULY 2007, Vol. 

129 / 425 

Copyright © 2007 

by ASME 

Downloaded 

Introduction- This paper proposes a new approach to design of a robot 

actuator with physically variable stiffness. The proposed approach 

leverages the dynamic characteristics inherent in a pneumatic actuator, 

which behaves in essence as a series elastic actuator. 

Methodology- By replacing the four-way servo valve used to control a 

typical pneumatic actuator with a pair of three-way valves, the stiffness of 

the series elastic component can be modulated independently of the 

actuator output force. Based on this notion, the authors propose a control 

approach for the simultaneous control of actuator output force and 

stiffness. Since the achievable output force and stiffness are coupled and 

configuration-dependent, the authors also present a control law that 

provides either maximum or minimum actuator output stiffness for a given 

displacement and desired force output.  

Results & Analysis- The general control and maximum/minimum stiffness 

approaches are experimentally demonstrated and shown to provide high 
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fidelity control of force and stiffness, and additionally shown to provide a 

factor of 6 dynamic range in stiffness.  

 

Comment: This study was successfully achieve a method of controlling 

stiffness over six dynamic range. 
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Modeling the 

Dynamic 

Characteristics of 

Pneumatic Muscle 

D. B. Reynolds, 

D. W. Repperger, 

C. A. Phillips, 

And G. Bandry 

Annals of 

Biomedical 

Engineering, Vol. 

31, pp. 310–317, 

2003 

Introduction- A pneumatic muscle (PM) system was studied to determine 

whether a three-element model could describe its dynamics. As far as the 

authors are aware, this model has not been used to describe the dynamics 

of PM. A new phenomenological model consists of a contractile ~force-

generating element spring element, and damping element in parallel.  

Methodology- The PM system was investigated using an apparatus that 

allowed precise and accurate actuation pressure (P) control by a linear 

servo valve. Length change of the PM was measured by a linear 

potentiometer. Spring and damping element functions of P were 

determined by a static perturbation method at several constant P values. 

These results indicate that at constant P, PM behaves as a spring and 

damper in parallel. The contractile element function of P was determined 

by the response to a step input in P, using values of spring and damping 

elements from the perturbation study.  

Results & Analysis- The study showed that the resulting coefficient 

functions of the three-element model describe the dynamic response to the 

step input of P accurately, indicating that the static perturbation results can 

be applied to the dynamic case. This model is further validated by 

accurately predicting the contraction response to a triangular P waveform. 

All three elements have pressure dependent coefficients for pressure P in 

the range 207<P<621 kPa (30<P<90 psi). Studies with a step decrease in P 

~relaxation of the PM! Indicate that the damping element coefficient is 

smaller during relaxation than contraction. 

 

Comment:  
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Continuous Sliding 

Mode Control of 

a Pneumatic 

B. W. Surgenor 

and  

N. D. Vaughan 

Vol. 119, 

SEPTEMBER 

1997 

Purpose- Sliding mode control has been promoted as a means to overcome 

the nonlinearities associated with pneumatic positioning systems. Results 

& Analysis- Previously published performance results have been 
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Actuator Transactions of 

the ASME 

Copyright © 1997 

by ASME 

disappointing with reported accuracies of only ±5 mm and poor tracking of 

the sliding surface. New experimental results demonstrate that a properly 

designed continuous sliding mode controller (CSLM) is capable of 

accuracies of better than ±0.2mm. Further, the CSLM controller is able to 

maintain performance when the load mass is varied by upwards of a factor 

of 10.  

Findings- Direct comparison to a conventional proportional differential 

pressure controller provides evidence that CSLM is indeed more robust 

than comparable controllers for this application. 

 

Comment: Further work should be conducted into the potential of Discrete 

Sliding Mode (DSLM). 
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Based Control of 

Pulse Width 
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Pneumatic Servo 

Systems 

Xiangrong Shen, 

Jianlong Zhang, 

Eric J. Barth, 

Michael 

Goldfarb. 

Journal of 
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Systems, 

Measurement, 

and Control 

SEPTEMBER 

2006, Vol. 128 

Introduction- This paper presents a control methodology that enables 

nonlinear model-based control of pulse width modulated (PWM) 

pneumatic servo actuators.  

Purpose- An averaging approach is developed to describe the equivalent 

continuous-time dynamics of a PWM controlled nonlinear system, which 

renders the system, originally discontinuous and possibly nonaffine in the 

input, into an equivalent system that is both continuous and affine in 

control input (i.e., transforms the system to nonlinear control canonical 

form).  

Methodology- This approach is applied to a pneumatic actuator controlled 

by a pair of three-way solenoid actuated valves. The pneumatic actuation 

system is transformed into its averaged equivalent control canonical form, 

and a sliding mode controller is developed based on the resulting model. 

The controller is implemented on an experimental system, and the 

effectiveness of the proposed approach validated by experimental 

trajectory tracking. 

 

Comment: A nonlinear model averaging approach was developed that 

enabled the use of a full non-reduced-order nonlinear model based control. 

 

15 Practical Design of a Shunmugham R. Vol. 119, Introduction- Pneumatic robot manipulators are characterized by high-
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Transactions of 
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Copyright © 1997 
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order, time-variant actuator dynamics, nonlinearities due to compressibility 

of air, external disturbances such as static and Coulomb friction, and wide 

range of payload variations. Conventional PID controllers suffer from 

problems of gain tuning under these conditions.  

Purpose- In this paper, a new control algorithm is proposed for the 

position and trajectory control of pneumatic actuators based on the sliding 

mode control approach. The stability of motion is proved for the case of a 

linear, time-invariant switching surface. A disadvantage of using sliding 

mode control for third- and higher-order mechanical systems is the need 

for acceleration feedback. 

Methodology- In this paper, to overcome this difficulty we propose the use 

of differential pressure. The proposed controller is simple, easy to 

implement, and robust to payload and parametric variations. The 

effectiveness of the new scheme for position and trajectory control is 

illustrated by experiments on an industrial piston-driven cylindrical 

actuator with proportional valves. 

 

Comment: The new controller is simple, easy to implement, and is robust 

to variations in payload and supply pressure. 
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Discrete Variable 

Structure Control for 

Linear Multivariable 

Systems 

Choon Yik Tang, 

Eduardo A. 

Misawa 

Journal of 

Dynamic 

Systems, 

Measurement, 

and Control. 

DECEMBER 

2000, Vol. 122 

Introduction- This paper presents a state feedback discrete variable 

structure controller for robust tracking of linear multivariable systems with 

unmatched, additive uncertainties. Methodology- Extension of the 

controller to output feedback using a prediction observer with bias 

estimation is also given. A numerical example is used to illustrate the 

proposed controllers. 

Results & Analysis-It is shown that the state feedback controller 

guarantees attractiveness and invariance of a boundary layer, while the 

output feedback controller does so after a transient. Unlike existing 

schemes, the controllers utilize a single sliding hyper plane regardless of 

the number of inputs. This attribute enables the development of a 

procedure that admits, under minor restrictions, direct application of well-

established linear control strategies in the design of tracking error 

dynamics.  
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Comment: A state feedback DVSC which utilizes a single sliding hyper 

plane regardless of the number of inputs has been proposed for robust 

tracking of linear multivariable systems with unmatched, additive 

uncertainties. 
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Control for 

Pneumatic Actuator 

Systems 

using Feedback 

Linearization with 

Disturbance 

Rejection 

Tetsuya Kimura, 

Shinji Hara, 

Toshinori Fujita, 

Toshiharu 

Kagawa 

Proceeding of 

American Control 

Conference, 

Seattle, 

Washington. 

June 199 

Introduction- Though a pneumatic actuator is widely used in industrial 

applications, it is not easy to control due to the nonlinearities.  

Purpose- In this paper, we apply a method of feedback linearization for a 

pneumatic actuator system to handle them.  

Methodology- It is shown that any SISO pneumatic system with a 

linearizable load and an isothermal pneumatic actuator is linearizable by 

state feedback. A method of feedback linearization with steptype 

disturbance rejection is proposed by measuring disturbances.  

Results & Analysis- Experimental results with a rubber artificial muscle 

actuator verify the validity of the proposed method. 

 

Comment: This study has applied a method of feedback linearization for a 

pneumatic actuator system to handle the nonlinearity, where a rubber 

artificial muscle is used as an actuator. 
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Force Control Loop 

Affected 

by Bounded 

Uncertainties 

and Unbounded 

Inputs for 

Pneumatic Actuator 

Systems 

Karim Khayati, 

Pascal Bigras, 

Louis-A. 

Dessaint, 

 

Journal of 

Dynamic 

Systems, 

Measurement, 

and Control 

JANUARY 2008, 

Vol. 130 

Purpose- The purpose of this paper is to develop an accurate closed-loop 

acting force technique for a pneumatic actuator, as an essential stage in the 

implementation of positioning control strategy.  

Methodology- Since an analytical nonlinear structure, which linearly 

depends on parameter uncertainties, generically characterizes pneumatic 

plants, a feedback linearization design is proposed to cancel most of the 

resulting nonlinearities. Then, we proposed a linear state-feedback control 

and an additive nonlinear action to robustly bind the force error dynamics, 

devices which are required to handle the further parametric uncertainties 

and exogenous unbounded disturbances that will arise on the deduced 

structure. The design of the linear control gains is performed within robust 

closed-loop pole clustering using a linear matrix inequality approach. 

Result & Analysis- Finally, various experimental results illustrate the 



11 
 

NO. TITLE AUTHOR JOURNAL FINDING 

validity of the approach.  

 

Comment: This paper has proposed a complete design of a pneumatic 

acting force control, taking into account bounded parametrical 

uncertainties and possible unbounded variables. 
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manuscript 

received 

December 19, 

2007; published 
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2008. Assoc. 

Editor: George 

Chiu. 

Purpose- This paper presents an energetically derived control 

methodology to specify and regulate the oscillatory motion of a pneumatic 

hopping robot.  

Methodology- An ideal lossless pneumatic actuation system with an 

inertia is shown to represent an oscillator with a stiffness, and hence 

frequency, related to the equilibrium pressures in the actuator. Following 

from an analysis of the conservative energy storage elements in the system, 

a control methodology is derived to sustain a specified frequency of 

oscillation in the presence of energy dissipation. The basic control strategy 

is to control the pressure in the upper chamber of the pneumatic cylinder to 

specify the contact time of the piston, while controlling the total 

conservative energy stored in the system to specify the flight time and 

corresponding flight height of the cylinder. The control strategy takes 

advantage of the natural passive dynamics of the upper chamber to provide 

much of the required actuation forces and natural stiffness, while the 

remaining forces needed to overcome the energy dissipation present in a 

non-ideal system with losses are provided by a nonlinear control law for 

the charging and discharging of the lower chamber of the cylinder. 

Efficient hopping motion, relative to a traditional non-conservative 

actuator, is achieved by allowing the energy storing capability of a 

pneumatic actuator to store and return energy to the system at a controlled 

specifiable frequency.  

Results & Analysis- The control methodology is demonstrated through 

simulation and experimental results to provide accurate and repeatable 

hopping motion for pneumatically actuated robots in the presence of 

dissipative forces. 

 

Comment: This paper presents the design of a natural pneumatic hopping 
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robot that exploits the passive dynamics of the system to achieve a desired 

period of oscillation and a desired time of flight. 
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Surface-Normal 

Electrostatic / 

Pneumatic Actuator 

K.J. Gabriel, 

Tabata K. 

Shimaoka S. 

Sugiyama H. 

Fujita 

 Introduction- An electrostatically driven, pneumatic actuator capable of 

generating surface-normal deflections is described.  

Methodology- Two sealed, air-filled, concentric chambers which share a 

membrane and are connected by channels make up the actuator. The 

portion of the membrane suspended over the outer chamber serves as the 

movable electrode plate while the conducting substrate acts as the fixed, 

opposing electrode plate of an electrostatic actuator. When a voltage is 

applied across the two plates, the outer-chamber membrane deflects 

towards the substrate, decreasing the volume in the outer chamber. The 

decreased volume produces a concomitant increase in the pressure in both 

the outer and inner chamber, causing the membrane over the inner chamber 

to deflect away from the substrate. Since the outer chamber area can be 

designed to be much larger than the area of the inner chamber, a large 

decrease in the overall actuator volume can be achieved with a small 

deflection of the membrane over the outer chamber. Hence, the deflection 

of the membrane over the inner chamber is not only in the opposite 

direction as the outer membrane deflection, but is also amplified. Prototype 

surface-normal actuators have been fabricated with inner chamber radii 

ranging between 100-250 μm and outer chamber radii ranging between 

200-750 μm. 

 

Comment: The method being used in this paper has the advantage of 

environmentally enclosed electrostatic actuator that avoids one of the 

major criticisms levelled against micro electrostatic actuators--- attraction 

of particles and eventual jamming of moving parts. 
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Reduced Order 

Sliding Mode 

Control for 

Pneumatic Actuator 

Arun K. Paul,  

J. K. Mishra. and 

M. G. Radke 

IEEE 

Transactions On 

Control Systems 

Technology, Vol. 

2, No. 3, 

Introduction- A new position control algorithm, based on sliding mode 

control, has been developed for a pneumatic cylinder. In the proposed 

pneumatic system, commercially available two-way ON-FF solenoid 

valves have been used. The inherent robustness property of the sliding 

mode controller makes it easier to select the switching gains of the 
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September 1994 controller. Moreover, approximate dynamic modeling of the system makes 

the controller simple. Since in sliding mode control, the states remain on 

the sliding surface, the motion of the piston is very smooth.  

Methodology- This suggests the potential of pneumatic cylinders as 

actuators for robot manipulators. The controller is hybrid in nature, 

consisting of an error amplifier, data conversion devices and an 8088 

microprocessor along with various digital circuit accessories. Only one 

feedback device (potentiometer) is used. Velocity is calculated from the 

sampled position signals. 

 

Comment: Its response, based on approximated model, proves the 

applicability of sliding mode control theory in pneumatics. 
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Braided Pneumatic 

Actuator Control of 

a Multi-Jointed 

Manipulator 

D.G. Caldwell, 

G.A. Medrano-

Cerda and  

M.J. Goodwin 

 Introduction- Problems with the control and compliance of pneumatic 

systems have prevented their widespread use in advanced robotics. 

Purpose- However, their compactness, power/weight ratio and safety are 

factors that could potentially be exploited in sophisticated dexterous 

manipulator designs.  

Methodology- This work reports on the design of a dexterous manipulator 

with three fingers and an opposal thumb powered by 18 new compact 

braided pneumatic muscle actuators (PMA). These muscles (which are 

variants on the McKibben 

Muscle design) have considerable power output potential, combined with 

controllable motion and inherent compliance to prevent damage to handled 

objects. When arranged as antagonistic pairs the joints of the gripper can 

be driven independently. 

Using experimental data, a system model will be developed and control of 

these muscles will be explored showing that accurate regulated 

performance is feasible. 

 

Comment: As the goal of this work is the development of a teleoperated 

hand to be controlled from an input glove, kinematic compatibility with the 

human hand is essential. 
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A Stable Linear 

Adaptive Controller 

Applied to a 

Pneumatic Actuator 

System 

Ahsene Boubakir, 

Franck Plestan, 

Salim Labiod and 

Fares Boudjema3 

52nd IEEE 

Conference on 

Decision and 

Control 

December 10-13, 

2013. Florence, 

Italy 

Introduction- This paper presents a stable linear adaptive control scheme 

for the position control of a pneumatic actuator system. The proposed 

controller does not require the experimental identification of the mass flow 

rate, which is really a novelty in the field of such applications.  

Methodology- The controller synthesis is based on an uncertain non-affine 

nonlinear model of the pneumatic system. Firstly, the existence of an ideal 

controller which can achieve position control objectives is demonstrated 

using the implicit function theory. Nevertheless, even if the actuator model 

is well-known, this ideal controller cannot be known and computed.  

Purpose- The aim of the proposed approach is to construct this unknown 

ideal controller using a simple linear controller with a stable adaptation 

mechanism.  

Results & Analysis- The stability of the closed-loop system is studied by 

using a Lyapunov approach. Finally, simulation results are provided to 

show the capabilities of the presented control method. 

 

Comment:  

24 
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System 

Identification Model 

for an Intelligent 

Pneumatic Actuator 

(IPA) System 

Khairuddin 

Osman Member, 

IEEE, Ahmad 

'Athif Mohd 

Faudzi, Member, 

IEEE, M.F. 

Rahmat, Nu'man 

Din Mustafa, M. 

Asyraf Azman, 

Koichi Suzumori, 

Member, IEEE 

2012 IEEE/RSJ 

International 

Conference on 

Intelligent Robots 

and Systems 

October 7-12, 

2012. Vilamoura, 

Algarve, Portugal 

Introduction-Intelligent Pneumatic Actuators (IPA) is a new generation of 

actuator for Research and Development (R&D). 

Purpose- The purpose of this paper is to present the System Identification 

(SI) technique and procedure for the IPA system.  

Methodology- System identification is used to obtain the mathematical 

model (transfer function) of the IPA system from the measured 

experimental data. Flow for the SI procedure starts with experimental 

setup, model structure selection, model estimation, model validation and 

finally testing with basic controller to prove the operation of IPA system. 

Auto Regressive with Exogenous Input (ARX) model is chosen as model 

structure of the system.  

Results & Analysis- Based on the input and output data of the system 

(model validation), best fit criterion and correlation analysis of the residual 

is analyzed to determine the adequate model to represent the IPA system. 

The result from SI model shows linear discrete model in order to obtain a 

discrete transfer function for the IPA system. 
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Comment: System identification technique has been successfully applied to 

IP A system in order to produce the best linear discrete model of the 

system. 
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Identification of 

Pneumatic Cylinder 

Friction 

Parameters Using 

Genetic Algorithms 

J. Wang, J. D. 

Wang, N. Daw, 

and Q. H. Wu, 

Senior Member, 

IEEE 

IEEE/ASME 

Transactions On 

Mechatronics, 

Vol. 9, No. 1, 

March 2004 

Purpose- A method for identifying friction parameters of pneumatic 

actuator systems is developed in this paper, based on genetic algorithms 

(GA).  

Methodology- The statistical expectation of mean-squared errors is 

traditionally used to form evaluation functions in general optimization 

problems using GA. However, it has been found that, sometimes, this type 

of evaluation function does not lead the algorithms to have a satisfactory 

convergence, that is, the algorithm takes a long period of time or fails to 

reach the values of parameters to be identified. Different evaluation 

functions are, therefore, studied in the paper and two types of evaluation 

functions are found to have the expected rate of convergence and the 

precision. The algorithm is initially developed and tested using the 

benchmark data generated by simulations before it is applied for parameter 

identification using the data obtained from the real system measurement.  

Results & Analysis- The results obtained in the paper can provide the 

manufacturers with the observation to the characteristics inside the 

pneumatic cylinders. 

 

Comment: The measurable information for a pneumatic cylinder is limited 

to the piston velocity and chamber pressures. So, an indirect method has 

been developed based on GA in this paper. 
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Pneumatic Servo 

Actuator 

Technology 

Professor Philip 

Moore and  

Dr Jun Sheng Pu 

IEE Colloquium: 

Actuator 

Technology: 

Current practice 

and new 

developments. 

Introduction- Pneumatic actuators and drives have been widely used in 

manufacturing and process industries, in their conventional form, to 

provide a relatively low cost means of force, torque and motion. However, 

to-date pneumatic servo technology has only found very limited 

application outside of the research laboratories. Pneumatic servo 

technology can potentially offer many of the advantages of conventional 

pneumatics whilst producing the controlled performance normally 

associated with electric servo drive systems.  
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Purpose- Modern servo pneumatic actuator technology looks to exploit the 

capabilities of advanced control techniques allied to low cost computing to 

overcome the severe control issues presented by pneumatic actuation.  

Methodology- This paper briefly reviews the development of pneumatic 

servo mechanisms from their origins in the 1950‘s through to the present 

day. The constituent elements of representative servo pneumatic actuators 

will be briefly described. Problems somewhat unique to pneumatic motion 

control will be described and some techniques to overcome these 

limitations will be introduced. The emergence of digital control of 

pneumatic actuators will be reviewed with respect to the level of 

performance that can now be realized, types of actuator, associated control 

components and typical application areas for these systems. A number of 

application examples of pneumatic servo technology will be summarized. 

Findings- The direction for future fundamental research and industrial 

developments for pneumatic servo technology will be suggested. 

 

Comment: The advent of digital control from the mid-seventies provided 

an opportunity to overcome some of these performance limitations. 
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Sliding Mode 

Control Of 

Pneumatic Actuator 

For Robotic 

Application 

A. IC. Paul, J. K. 

Mishra and M. G. 

Radke 

Proceedings of 

the 1993 

IEEE/RSJ 

International 

Conference on 

Intelligent Robots 

and Systems 

Yokohama, Japan 

July 2630,1993 

Introduction- A new position control algorithm, based on sliding mode 

control, has been developed for a pneumatic cylinder. The inherent 

robustness property of the sliding mode controller makes it easier to select 

the switching gains of the controller.  

Purpose- Moreover approximate dynamic modeling of the system made 

the controller simple.  

Methodology- As the controller is robust and the states stick to the sliding 

surface, the motion of the piston is very smooth. This suggests the potential 

of a pneumatic actuator as a drive for robots and manipulators. In the 

proposed system commercially available on-off two way solenoid valves 

have been used. The controller is hybrid in nature, consisting of an error 

amplifier, data conversion devices and an 8088 microprocessor along with 

various digital circuit accessories. Only one feedback device in the form of 

a potentiometer is used.  

Results & Analysis- Velocity is calculated from the sampled position 
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signals. 

 

Comment: The response based on approximated model proves the 

application potential of sliding mode control theory. 
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A Novel Pneumatic 

Actuator System 

Realized 

By Microelectro-

Discharge 

Machining 

T. Hirata,  

T. Akashi,  

A. Bertholds,  

H. P. Gruber,  

A. Schmid, 

M.-A. GrCtillat, 

T. Guenat,  

and  

N. F. de Rooi 

0-7803-4412-

X/98/$10.00 0 

1998 IEEE 

Purpose- This paper presents a one-dimensional pneumatic actuator 

fabricated by combining several micromachining technologies such as 

microelectro discharge machining (micro-EDM) as well as isotropic and 

anisotropic wet-etching.  

Methodology- Unlike the existing pneumatic actuators, which usually 

convey the object by means of friction, this device employs the dynamic 

pressure of inclined driving jets in order to enhance the horizontal 

transportation performance.  

Results & Analysis- Typical slider speeds of 4 to 5 cm/s can be obtained. 

Comparisons are presented between different types of sliders. By an 

appropriate patterning of the slider bottom surface, the speed could be 

increased by 50% to 60%. Similarly a maximum tangential force of 20 μN 

was obtained using this dynamic pressure concept. The latter is about two 

times larger than that of a slider with a smooth surface. 

 

Comment: This demonstrates the possibility of applying pneumatic 

actuation to high precision micro-transportation systems. 
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Visual Control of an 

Automatic 

Manipulation 

System by 

Microscope and 

Pneumatic Actuator 

Hung I. Chen and 

Ming Chang Shih 

IEEE 

Transactions On 

Automation 

Science And 

Engineering, Vol. 

10, No. 1, January 

2013 

Purpose- This paper presents an automatic manipulation system consisting 

of microscope and pneumatic actuator.  

Methodology- Through image captured by microscope with a CCD 

camera, the position between the probe and the object can be calculated in 

the image plane. A visual fuzzy controller is designed to improve the 

precision of a nonlinear pneumatic manipulator.  

Results & Analysis- From the experimental results, the position error of 

the system is below 1 pixel. The system can be applied to puncture fish 

embryo. 

 

Comment: This paper presents visual control the pneumatic manipulation 



18 
 

NO. TITLE AUTHOR JOURNAL FINDING 

system. 
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A Study on Tracking 

Position Control of 

Pneumatic Actuators 

Using Neural 

Network 

Gi Sang Choi, 

Han Koo Lee, 

Gi Heung Choi 

 Purpose- A tracking position control method for a linear positioning 

system composed of a pneumatic actuator and a 3-port proportional valve 

is proposed, and experimentally evaluated.  

Methodology- The proposed controller has an inner pressure control loop 

and an outer position control loop. The position controller is based on PID 

controller augmented with feedback linearization loop and neural network 

model, while simple PID controller is used for pressure control. The 

influence of friction force and parameter change is regarded as disturbance. 

The nonlinear relationship between the actuator velocity and acceleration, 

and the disturbance is coded on the neural network in training mode, and 

during operation proper input voltage that counterbalances the disturbance 

is calculated using the neural net model. Then, the outer loop PID 

controller is designed, assuming that the modeling error and the 

disturbance can be completely compensated, and, therefore, the actuator 

can be treated as a linear plant.  

Results & Analysis- Experimental verification indicates that the proposed 

controller significantly improves the tracking performance. 

 

Comment: The position controller is based on PID controller augmented 

with feedback linearization loop and neural network model, while simple 

PID controller is used for pressure control. 
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Fatigue 

Characteristics of 

McKibben Artificial 

Muscle Actuators 

Glenn K. Klute , 

Blake Hannaford 

Proceedings of 

the 1998 

JEEERSJ 

Intl. Conference 

on Intelligent 

Robots and 

Systems 

Victoria, B.C., 

Canada October 

1998 

Introduction- The McKibben artificial muscle is a pneumatic actuator 

whose properties include a very high force to weight ratio. This 

characteristic makes it very attractive for a wide range of applications such 

as mobile robots and prosthetic appliances for the disabled. Typical 

applications often require a significant number of repeated contractions 

and extensions or cycles of the actuator. This repeated action leads to 

fatigue and failure of the actuator, yielding a life span that is often shorter 

than its more common robotic counterparts such as electric motors or 

pneumatic cylinders.  

Methodology- In this paper, we develop a model that predicts the 
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maximum number of life cycles of the actuator based on available uniaxial 

tensile properties of the actuator‘s inner bladder. 

Results & Analysis- Experimental results, which validate the model, 

reveal McKibben actuators fabricated with natural latex rubber bladders 

have a fatigue limit 24 times greater than actuators fabricated with 

synthetic silicone rubber at large contraction ratios. 

 

Comment: The fatigue limit for a McKibben actuator can be accurately 

predicted from a conventional test procedure (uniaxial tension) for which 

data may already be available. 
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Design of an Electro 

Pneumatic Micro 

Robot for In-Pipe 

Inspection 

Ckdric 

Anthierens 

Antoine Ciftci 

Maurice Bktemps 

 Purpose- The presentation of a micro robot for in-pipe inspection in 17 

mm diameter pipes is detailed from the design to the implementation.  

Methodology- A large part is dedicated to the modelling and estimation of 

each module. A completed modelling of a Hall effect sensor has been 

carried out in order to provide an accuracy of the displacement 

measurements better than 15 micrometers. Then the modelling and 

simulation of the whole robot have been compared of the implemented 

results.  

Results & Analysis- Finally performances are discussed and perspectives 

are given to improve the locomotion task with the pneumatic actuator. 

 

Comment: The micro robot developed is designed in order to provide the 

best positioning accuracy as possible. 
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Self-Tuning Control 

of a Low-Friction 

Pneumatic 

Actuator Under the 

Influence of Gravity 

Robert 

Richardson, 

Andrew R. 

Plummer, and 

Michael D. 

Brown 

Manuscript 

received June 23, 

1999. 

Recommended by 

Associate Editor, 

F. 

Svaricek. 

Introduction- Traditionally the positioning of pneumatic actuators has 

been limited to movement between preset stops or switches. The restricting 

factors preventing the use of pneumatic cylinders for accurate servo-

control arise from highly nonlinear dynamic properties such as air 

compressibility and friction effects, which combine to severely degrade 

time response and positional accuracy. Many real systems are influenced 

by external gravity forces, which compound the problem of position 

control.  

Methodology- A self-tuning system incorporating an external force 

balancing term is proposed using a low-friction cylinder. The low-friction 
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cylinder is compared to conventional, sealed cylinders to demonstrate the 

increased performance. 

 

Comment: It has been demonstrated that low friction pneumatic cylinders 

offer real potential for modern precision control systems. 
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Coulomb and 

viscous friction fault 

detection with 

application to a 

pneumatic actuator 

W.B. Dunbar, 

R.A. de Callafon 

and J.B. 

Kosmatka 

2001 

IEEE/ASME 

International 

Conference on 

Advanced 

Intelligent 

Mechatronics 

Proceedings 

8-12 July 2001 

Como, Italy 

Introduction- Generally, fault detection is the process of monitoring a 

physical dynamic system accompanied by confirmation and assessment of 

any degradation of system performance. 

Methodology- These systems are modelled and terms that are 

representative of a specific fault are identified and monitored for detection. 

In this paper, a fault detection algorithm is developed to isolate and detect 

friction changes in a high precision positioning mechanism. The designed 

fault detection algorithm addresses dynamic model estimation, dynamic 

filtering and recursive parameter estimation techniques to monitor on-line 

friction changes. The procedure is illustrated on a high precision servo 

pneumatic cylinder that drives a translational air bearing apparatus, 

designed to permit the addition of friction.  

Results & Analysis- Side loading of the cylinder rod induced by a friction 

fault causes significant loss of performance in these applications. It 

therefore serves to design a simple and effective on-line fault detection and 

isolation scheme for the designed experimental set-up. 

 

Comment: The fault detection scheme designed here detects changing 

process conditions in the case of wear and excessive side loading, in the 

form of dry friction, of a precision positioning device. 
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A Robust Nonlinear 

Controller Design 

for a Pneumatic 

Actuator 

Tankut Acarman, 

Cem Hatipoglu 

Proceedings of 

the American 

Control 

Conference 

Arlington, VA 

June 25-27, 2001 

Purpose- This paper presents a feedback linearization based variable 

structure controller for a pneumatically actuated system utilizing sliding 

mode observers.  

Methodology- Using the robustness implications of the sliding mode 

control theory and the structural properties of pneumatically actuated 

systems, a nonlinear controller is designed to drive the output tracking 

error to zero in finite time. Strong robustness with respect to bounded 
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modeling and parameter uncertainties is attained through compensation of 

the friction effect of the piston in the cylinder body. The controller and the 

observer are based on a third-order nonlinear state-space model of a 

pneumatic system which was developed, validated numerically with 

experimental data and presented in another paper, [SI.  

Results & Analysis- Simulation results are included to demonstrate the 

effectiveness of the designed observer and the good performance of the 

designed tracking controller. 

 

Comment: In this paper, a sliding mode controller/observer design 

procedure has been proposed for a pneumatically actuated system. This 

variable structure controller involves the formulation of a feedback 

linearizing control law and design of a multi-layer manifold to attain the 

desired dynamics at sliding mode. 
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Precision 

Positioning Device 

Utilizing Impact 

Force 

of Combined Piezo-

Pneumatic Actuator 

Yung-Tien Liu 

and Toshiro 

Higuchi 

IEEE/ASME 

TRANSACTION

S ON 

MECHATRONIC

S, VOL. 6, NO. 4, 

DECEMBER 

2001 

Introduction- This paper reports about a new actuator combining both a 

piezoelectric actuator and a pneumatic cylinder for the applications of 

automatic assembly.  

Methodology- The results of fundamental experiments were presented and 

an analytical model was described. 

Results & Analysis- The experimental results show that the proposed 

actuator could move a target object with step sizes in the 10-nm order by 

utilizing the impact force of a piezoelectric element while maintaining the 

comparatively long operation range of a pneumatic cylinder. Furthermore, 

a three degrees of freedom (3 DOF) positioning system had been 

constructed as a practical application. Due to the limited sensing range of 

the gap sensors, the positioning range had to be limited to ±1 mm, ±1 mm, 

and ±2mrad along the 3-DOF. A heuristic control model was described in 

the paper. Using this model, a target object made of stainless steel (130 x 

100 x 10 mm) was successfully positioned with an accuracy of ±0.5μm, 

±0.5μm, and ±20μrad along the 3-DOF. It is shown that the combined 

piezo-pneumatic actuator has attractive practical applications in the field of 

precision industry. 
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Comment: A hybrid actuator combining both a piezoelectric element and a 

pneumatic cylinder is proposed for the applications in automatic assembly. 

Fundamental experiments were carried out and an analytical model was 

described. 
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An Experimental 

Comparison 

Between Several 

Pneumatic Position 

Control Methods 

S. Chillari, S. 

Guccione and G. 

Muscat0 

Proceedings of 

the 40th IEEE 

Conference on 

Decision and 

Control 

Orlando, Florida 

USA, December 

2001 

Purpose- In this paper an experimental comparison is made between six 

different techniques to control the position of a pneumatic actuator.  

Methodology- Six different reference signals have been tested on each 

control technique. The methods considered are: 

A)PID, B) Fuzzy, C) PID with pressure feedback, D) Fuzzy with pressure 

feedback, E) Sliding mode and F) Neuro-Fuzzy control. In the last method, 

proposed by the authors, the differential pressure sensor has been replaced 

by a neural network based estimator. Details of each control method and 

the results obtained are given and finally a global comparison is made with 

several critical considerations. 

 

Comment: The study allowed to investigate the performance of the 

different methodologies in terms of both error and complexity of design 

and cost. 
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A Multi-Channel 

Micro Valve 

For Micro 

Pneumatic Artificial 

Muscle 

Yong Kwun LEE 

and *Isao 

SHIMOYAMA 

0-7803-71 85-

2/02/$10.00 

02002 IEEE 

Methodology- A miniaturized Mckibben artificial muscle pneumatic 

actuator of 1mm in diameter and a micromachined high-power multi-

channel micro valve have been developed.  

Results & Analysis- The pneumatic actuator can make a contraction of 

21% of its length and generate contraction force of 3.8N when it is 

pressurized at 0.6MPa. The micro valve of 19mm x 25mm x 2nun has six 

channels. Its maximum allowable pressure and flow rate are 0.6MPa and 

830cc/min, respectively.  

Findings- The actuators and the valve are integrated and applied to a 

skeletal hand. 

 

Comment: The micro pneumatic system was built to drive a soft artificial 

hand. 
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Sliding Mode 

Approach to PWM-

Controlled 

Pneumatic Systems 

Eric J. Barth, 

Jianlong Zhang, 

Michael Goldfarb 

Proceedings of 

the American 

Control 

Conference 

Anchorage, AK 

May 8-10,2002 

Introduction- This work presents a modeling and control design method 

for PWM-controlled pneumatic systems. Difficulties associated with 

servovalves typically used to continuously control pneumatic systems, in 

addition to a general lack of analytic control design techniques available 

for PWM controlled pneumatic systems, motivate the development of a 

modeling and control design technique for PWM pneumatics.  Specifically, 

the method presented here is to model a PWM-based pneumatic system 

using a state-space averaging approach.  

Purpose- This provides the analytic machinery necessary to remove the 

discontinuities associated with switching and results in a model tractable to 

standard nonlinear control design techniques. Thereby, issues such as 

stability robustness and performance bandwidth may be addressed directly.  

Methodology- The control of a single degree of freedom pneumatic 

positioning system illustrates this technique experimentally. 

 

Comment: State space averaging techniques enable the representation of a 

non-analytical system with discrete switching states to be represented 

analytically. 

 

40 

 

** 

36 

Experimental tests 

on position control 

of a pneumatic 

actuator using on/off 

solenoid valves 

A. Gentile,  

N.I. Giannncearo, 

G. Rein. 

IEEE lCIT'O2, 

Bangkok, 

THAILAND 

Introduction- A position-controlled pneumatic actuator using pulsewidth 

modulation (PWM) valve pulsing algorithms is described. The system 

consists of a standard double acting cylinder controlled with two three-way 

solenoid valves through a 12-bit A/D PC board. The mechatronic system 

has the advantage of using on/off solenoid valves in place of more 

expensive servo valves and it may be applied to a variety of practical 

positioning applications.  

Methodology- A proportional integrative (PI) controller with position 

feedforward is successfully implemented. Several experimental tests are 

carried out to evaluate the robustness of the control system and the 

performances of a novel pulse-width modulation algorithm implemented. 

Results & Analysis- The actuator's overall performance is comparable to 

that achieved by other researchers using servo valves. 

 

Comment: It is a fast, accurate and inexpensive position-controlled 
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pneumatic actuator that may he applied to a variety of practical positioning 

applications. 
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Dynamic Pneumatic 

Actuator Model for a 

Model-Based 

Torque 

Controller 

Joachim 

Schroder, 

Duygun Erol 

Proceedings 2003 

IEEE 

International 

Symposium on 

Computational 

Intelligence in 

Robotics and 

Automation 

July 16-20, 

2003, Kobe, 

Japan 

Introduction- The modeling of pneumatic actuators, also known as 

artificial muscles, has been the main focus in several research papers in the 

past. At the Center for Intelligent Systems (CIS) at Vanderbilt University, 

we have been using pneumatic actuators for our Intelligent 

Soft Arm Control (ISAC, Figure 1).  

Purpose- This research paper focuses on the modification of a physical 

static model and the extension with a dynamic part. 

Methodology- For the position control of a joint, driven by two artificial 

muscles, a physical actuator model was designed and used as the basis for 

a subsidiary torque control. The quality of the model was verified by 

implementing it as a torque controller and running experiments on a test 

bed. 

Results & Analysis- It is known that such actuators contain a high 

nonlinearity including a hysteresis. Experiments show that the static 

hysteresis is less important than the dynamic one. In similar models, 

damping properties of the muscles have not been considered. 

 

Comment: Experimental results showed the actuator model predicts the 

torque very well for different velocities, joint positions and muscle 

pressures. 
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Design and 

Experimental 

Evaluation of a 

Nonlinear Position 

Controller for a 

Pneumatic Actuator 

with Friction 

Mark Karpenko 

and  

Nariman Sepehri 

Proceeding of the 

2004 American 

Control 

Conference 

Boston, 

Massachusetts 

June 30 -July 

2,2004 

Introduction- This paper documents the development and experimental 

evaluation of a practical nonlinear position controller for a typical 

industrial pneumatic actuator that gives good performance for both 

regulating and reference tracking tasks.  

Methodology- The system is comprised of a low-cost 5-port proportional 

valve with flow dead band and a double-rod actuator exhibiting significant 

friction. Quantitative feedback theory is employed to design a simple fixed 

gain PI control law that minimizes the effects of the nonlinear control 

valve flows, uncertainty in the physical system parameters and variations 

in the plant operating point. Easy to implement nonlinear modifications to 
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the designed PI control law are then tuned experimentally in a step-by-step 

fashion to reduce overshoot and to negate the effects of the control valve 

deadband and actuator friction.  

Results & Analysis- Experimental results clearly illustrating the efficacy 

of the approach are presented. 

 

Comment: Design of a fixed-gain PI control law via quantitative feedback 

theory minimized the effects of the nonlinear control valve flows, changes 

in the system operating point and uncertainties in the measured plant 

parameters. 
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QFT Design of a PI 
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Feedback for 

Positioning a 

Pneumatic Actuator 

Mark Karpenko 

and  

Nariman Sepehri 

Proceeding of the 

2004 American 

Control 
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Boston, 

Massachusetts 
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2,2004 

Introduction- Quantitative feedback theory (QFT) is applied towards the 

design of a simple and effective position controller for a typical low-cost 

industrial pneumatic actuator with a 5-port three-way control valve that is 

subject to disturbing forces.  

Purpose- The main contribution of this paper is the presentation of a 

systematic approach to the design of position controllers for pneumatic 

servos with dynamic pressure feedback, within the framework of QFT. 

Methodology- A simple fixed-gain proportional-integral control law with 

dynamic pressure feedback is synthesized to guarantee the satisfaction of a 

priori specified closed-loop performance requirements, including robust 

stability, tracking performance and disturbance attenuation, despite the 

presence of nonlinearities and parametric uncertainty in the pneumatic 

functions. 

A novel outer-inner design approach is proposed to avoid the synthesis of 

an unnecessarily complex outer loop controller. The merits of the inner 

loop feedback are examined from the perspective of system responses to 

step changes in the reference position and step changes in the disturbing 

force. 

Results & Analysis- Simulation results show clearly that the inner loop 

feedback improves the closed-loop disturbance response by eliminating 

oscillation and reducing the overshoot.  

 

Comment: The QFT design of a simple PI position controller for a typical 
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industrial pneumatic actuator having internal load pressure feedback has 

been addressed for the first time. 
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Energy Conversion 

Mechanics And 

Power Evaluation Of 

Compressible Fluid 

In Pneumatic 

Actuator Systems 

Maolin Cai, 

Toshiharu 

Kaaawa,  

Kenii Kawashima 

2002 37th 

Intersociety 

Energy 

Conversion 

Engineering 

Conference 

(IECEC) 

Introduction- This paper discusses the power transmitted by flowing 

compressed air, called air power in this study. 

Methodology- Two processes are discussed to clarify the energy 

conversion in pneumatic systems. One is air compression where 

mechanical work is required for compressing air, and another is actuation 

of an actuator where compressed air is supplied and mechanical work is 

outputted. It is concluded that air power can be represented by the work-

producing potential of compressed air. Furthermore, it is clear that air 

power consists of two parts. One is transmission power which represents 

pushing power from the upstream to the downstream of flowing air, and 

another is expansion power from the work ability of air expansion.  

Results & Analysis- It can be seen that expansion power should exist in 

any compressible fluid. With the success in determining air power, an 

energy consumption comparison between pneumatic and electric actuator 

systems is made. It is clear that a pneumatic system is not always less 

efficient when holding a load for a long time, a pneumatic system is more 

efficient. 

 

Comment: This paper proposes air power as an energy property of 

compressed air. 
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A Robust Feedback 

Linearization Force 

Control of a 

Pneumatic Actuator 

K. Khayati, 

P. Bigras, 

Louis-A. Dessaint 

2004 IEEE 

International  

Conference on 

Systems, Man 

and Cybernetics 

Introduction- In this paper, an implementation of a force control for a 

rodless pneumatic actuator is proposed. The increasing interest of 

pneumatic drives is due to numerous advantages as high degree of 

compliance and dexterity, force capabilities and ready availability of cheap 

air supply.  

Methodology- We describe a feedback linearization technique applied on 

the analytical nonlinear structure, dependently affine on parameter 

uncertainties, that generically characterizes the pneumatic plants. Further 

parametric uncertainties and exogenous disturbances arise on. The deduced 

linear structure, for which we require a multi-objective state-feedback 
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control synthesis. The design objective is performed using IL constrained 

H∞ minimization that is compared to peak-to-peak gain performance. 

Additionally, in both cases, the optimization objective is applied under 

some closed-loop pole location constraints. A linear matrix inequality 

(LMI) based parameterization of both H∞ and peak-to-peak gain 

suboptimal controllers is developed.   

Results & Analysis- And, experimental results are illustrated to validate 

the approach and to compare the performances. 

 

Comment: A tractable state-feedback synthesis technique have been 

developed for a pneumatic actuator force control. The feedback 

linearization technique is useful in designing linear control plants 

afterwards. 
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Research on Novel 

Flexible Pneumatic 

Actuator FPA 

Proceedings of 

the 2004 IEEE 

Conference 01\ 

Robotics, 

Automation and 

Mechatronics 

Singapore, 1-3 

December, 2004 

Qinghua Yang, 

Libin Zhang, 

Guanjun Bao, 

Sheng Xu,  

Jian Ruan 

Introduction- A novel flexible pneumatic actuator FPA is proposed in this 

paper. The structure and properties of FPA are described.  

Methodology- Based on FPA, flexible pneumatic bending joint, flexible 

pneumatic torsion joint and flexible pneumatic spherical joint are 

developed. The mathematical models of flexible pneumatic bending joint 

and flexible pneumatic spherical joint are established. Experiments are 

carried out to investigate the characteristics of these two joints by utilizing 

intelligent control techniques.  

Results & Analysis- Experimental results demonstrate that flexible 

pneumatic bending joint and flexible pneumatic spherical joint can meet 

the designed requirement of application. Finally, the aim and direction of 

the future work are forecasted. 

 

Comment: In the future, the characteristics and control methods of FPA 

and flexible pneumatic joints need further studies to realize more accurate 

control. 
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Design of Self-

contained Biped 

Walker with 

Takashi Takuma, 

Seigo Nakajima, 

Koh Hosoda, 

SICE Annual 

Conference in 

Sapporo, August 

Introduction- A McKibben artificial muscle has suitable properties for 

realizing walking and running biped robots such as light weight, springy 

nature, and efficiency. Since controlling McKibben muscles is difficult 
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43 Pneumatic Actuators Minoru Asada. 4-6,2004 

Hokkaido 

Institute of 

Technology, 

Japan 

because of their nonlinearity, we have to design robot dynamic parameters 

carefully. If the parameters are designed properly, the walking controller 

can be simple.  

Methodology- In this paper, we describe a developed walking biped robot 

utilizing McKibben muscles and study on the influence of dynamic 

parameters on walking behaviors. 

 

Comment: This paper indicates the influence of the dynamic/control 

parameters on the locomotion of the robot with pneumatic actuator, and it 

introduces the mechanism of the robot we developed. 
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Impedance Control 

of a Pneumatic 

Actuator for Contact 

Tasks 

Yong Zhu and 

Eric J. Barth 

Proceedings of 

the 2005 IEEE 

International 

Conference on 

Robotics and 

Automation 

Barcelona, Spain, 

April 2005 

Introduction- This paper presents a method for the impedance control of a 

pneumatic linear actuator for tasks involving contact interaction. The 

method presented takes advantage of the natural compliance of pneumatic 

actuators such that a load cell, typically used in impedance control, is not 

required.  

Methodology- The central notion of the method is that by departing from a 

stiff actuation system, low-bandwidth acceleration measurements can be 

used in lieu of high-bandwidth force measurements. The control 

methodology presented contains an inner loop to control the pressure on 

two sides of a pneumatic cylinder, while an outer loop enforces an 

impedance relationship between external forces and motion and commands 

desired pressures to the inner loop. The inner loop enforces the natural 

compliance of the pneumatic actuator by controlling both the sum and 

difference of the pressures on both sides of the pneumatic actuator. This is 

accomplished by utilizing two three-way proportional spool valves instead 

of a four-way valve typically used in fluid power control.  

Results & Analysis- Experimental results are shown demonstrating the 

pressure tracking control of the inner loop. Experimental results are also 

shown that demonstrate the impedance tracking of the outer loop for free 

motion and the transition from free motion to contact. 

 

Comment: A method for the impedance control of a pneumatic linear 

actuator for tasks involving contact interaction was presented. A controller 



29 
 

NO. TITLE AUTHOR JOURNAL FINDING 

to achieve desired pressure tracking in each side of the pneumatic cylinder 

was also presented. 
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Development and 

experimental 

evaluation of a 

fixed-gain nonlinear 

control for a low-

cost 

pneumatic actuator 

M. Karpenko  

and N. Sepehri 

The Institution of 

Engineering and 

Technology 2006 

IEE Proceedings 

online no. 

20045084 

Introduction- A practical, easy-to-implement and accurate fixed-gain 

nonlinear position controller for a typical low-cost industrial pneumatic 

actuator is developed and evaluated experimentally. The positioning 

system comprises an inexpensive 5-port three-way proportional control 

valve with flow deadband, and a double-rod actuator exhibiting significant 

dry friction.  

Methodology- Quantitative feedback theory is used first to systematically 

design a robust proportional–integral (PI) control law that minimizes 

variations in the dynamic response of the actuator over a wide range of 

operating conditions and in the presence of uncertainty in the system 

parameters. Nonlinear modifications, which condition the integral part of 

the designed PI control law, are then implemented in a step-by-step fashion 

to further improve closed-loop performance by reducing overshoot and 

negating the effects of the control valve deadband and actuator friction.  

Results & Analysis- Experimental results clearly illustrating the 

effectiveness of the positioning system for a number of tracking and 

regulating tasks are presented. 

 

Comment: This paper should be of particular interest to control engineers 

engaged in the design of industrial servo pneumatic systems. 
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Development of the 

Face Robot SAYA 

for Rich Facial 

Expressions 

Takuya 

Hashimoto, 

Sachio 

Hitramatsu, 

Toshiaki Tsuji 

and Hiroshi 

Kobayashi 

SICE-ICASE 

International Joint 

Conference 2006 

Oct. 18-2 1, 2006 

in Bexco, Busan, 

Korea 

Purpose- The purpose of this study is to develop an interactive 

communication system that communicates with human beings emotionally. 

Since the face and its expressions are the most important role for natural 

communication, we have been developing a face robot that can express 

facial expressions similar to human beings. 

Methodology- In this study, we show a new type face robot SAYA. All 

McKibben pneumatic actuators are distributed to the surface of the face 

like a human muscle in order to improve the structure of the face robot and 

facial muscle movement (Action unit) for natural facial expressions. Since 

the bending manner of coil spring might be similar to human cervical 
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vertebra, we developed the new head motion mechanism by using coil 

spring for realizing human like head motion. In this paper, we describe the 

structure of face robot SAYA and the way of constructing new neck 

mechanism. 

Results & Analysis- We have confirmed that SAYA has ability to express 

fine facial expressions. 

 

Comment: The purpose of this study is to realize emotional communication 

between human and robot. It has human-like face and can express rich 

facial expressions.  

 

51 

 

** 

47 

Development of a 

low pressure driven 

pneumatic actuator 

and its application to 

a robot hand 

Nobutaka 

Tsujiuchi, 

Takayuki 

Koizumi and 

Shigeki Shirai 

 Introduction- This paper presents a non-metallic and light robot hand that 

uses balloon-type pneumatic actuators that we developed. Recently, there 

has been a lot of research into robot coexisting with people and helping 

them. Such robots must be proven safe for contact with people.  

Methodology- The drive system of our proposed robot hand uses balloon-

type pneumatic actuators that we originally developed in consideration of 

the safety measures required for human contact.  

Results & Analysis- The results of test on the characteristics of the 

pneumatic actuator proved that it is possible to drive a robot hand and 

create enough generated force to grasp objects using lower inner pressure 

and lower air volume. Moreover, a model the same size as a human hand 

can be made without a big air compressor, we also consider the 

applications of such prosthetic hands. 

 

Comment: The pneumatic actuator drives a robot hand to work flexibly 

and safely. 
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An Analysis of a 

Pneumatic Servo 

System and Its 

Application to a 

Computer-

Controlled Robot 

S. Liu and  

J. E. Bobrow 

Journal of 

Dynamic 

Systems, 

Measurement, 

and Control | 

Volume 110 | 

Introduction- PNEUMATIC ACTUATORS  are capable of providing 

high power output levels at a relatively low cost. In addition, they are 

clean, lightweight, and can be easily serviced. The difficulty of achieving a 

high-bandwidth, stable, pneumatic control system has limited its use in 

robotic position control applications. For open-loop control applications, 

such as many robot grippers, pneumatic actuators are often used.  

http://dynamicsystems.asmedigitalcollection.asme.org/solr/searchresults.aspx?author=S.+Liu&q=S.+Liu
http://dynamicsystems.asmedigitalcollection.asme.org/solr/searchresults.aspx?author=J.+E.+Bobrow&q=J.+E.+Bobrow
http://dynamicsystems.asmedigitalcollection.asme.org/issue.aspx?journalid=117&issueid=26104
http://dynamicsystems.asmedigitalcollection.asme.org/issue.aspx?journalid=117&issueid=26104
http://dynamicsystems.asmedigitalcollection.asme.org/issue.aspx?journalid=117&issueid=26104
http://dynamicsystems.asmedigitalcollection.asme.org/issue.aspx?journalid=117&issueid=26104
http://dynamicsystems.asmedigitalcollection.asme.org/issue.aspx?journalid=117&issueid=26104
http://dynamicsystems.asmedigitalcollection.asme.org/issue.aspx?journalid=117&issueid=26104
http://dynamicsystems.asmedigitalcollection.asme.org/article.aspx?articleid=1404089
http://dynamicsystems.asmedigitalcollection.asme.org/article.aspx?articleid=1404089
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 Issue 3 | Research 

Paper 

Methodology- In this paper, direct-drive pneumatic servo-actuators are 

examined for their potential use in robotic applications. A complete 

mathematical model of the actuator is derived, and several control 

algorithms are tested numerically and experimentally.  

Results & Analysis- Our analysis shows that pneumatic systems are 

practical for use in servo-control applications. The main limitation is that 

of the system response time, which is determined by the valve flow 

characteristics and supply pressure. Large output forces can be obtained 

and accurately controlled with the servo-valve and differential pressure 

transducer used in the experiments. 

 

Comment:  
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Adaptive robust 

posture control of a 

parallel manipulator 

driven by pneumatic 

muscles  

 

 Xiaocong Zhu,  

 Guoliang Tao,  

 Bin Yao,  

 Jian Cao.
 
 

 

 Introduction- Rather severe parametric uncertainties and uncertain 

nonlinearities exist in the dynamic modeling of a parallel manipulator 

driven by pneumatic muscles. Those uncertainties not only come from the 

time-varying friction forces and the static force modeling errors of 

pneumatic muscles but also from the inherent complex nonlinearities and 

unknown disturbances of the parallel manipulator.  

Methodology- In this paper, a discontinuous projection-based adaptive 

robust control strategy is adopted to compensate for both the parametric 

uncertainties and uncertain nonlinearities of a three-pneumatic-muscles-

driven parallel manipulator to achieve precise posture trajectory tracking 

control.  

Results & Analysis- The resulting controller effectively handles the 

effects of various parameter variations and the hard-to-model nonlinearities 

such as the friction forces of the pneumatic muscles. Simulation and 

experimental results are obtained to illustrate the effectiveness of the 

proposed adaptive robust controller. 

 

Comment:  
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Development of 

Robot Hand with 

Pneumatic Actuator 

Shinya Nishino, 

Nobutaka 

Tsujiuchi, 

Proceedings of 

the 29th Annual 

International 

Introduction- Recently, research has concentrated on robots that can 

coexist with people and be of use to them. Such a robot needs to be both 

safe and flexible.  

http://dynamicsystems.asmedigitalcollection.asme.org/issue.aspx?journalid=117&issueid=26104
http://dynamicsystems.asmedigitalcollection.asme.org/issue.aspx?journalid=117&issueid=26104
http://www.sciencedirect.com/science/article/pii/S0005109808000654
http://www.sciencedirect.com/science/article/pii/S0005109808000654
http://www.sciencedirect.com/science/article/pii/S0005109808000654
http://www.sciencedirect.com/science/article/pii/S0005109808000654
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Construct of Master-

Slave System 

Takayuki 

Koizumi, 

Hiroyuki 

Komatsubara 

Tatuwo 

Kudawara,  

Mikio Shimizu 

Conference of the 

IEEE EMBS 

Cité 

Internationale, 

Lyon, France 

August 23-26, 

2007. 

Methodology- Here, we use a pneumatic actuator as the driving source of 

a robot hand. We develop a pneumatic actuator driven by low pressure 

because we consider that the conventional pneumatic actuator is 

inadequate for the driving source of a robot hand. First, we examine the 

characteristics of our new pneumatic actuator. Next, we develop a five-

fingered robot hand using this pneumatic actuator. The robot hand 

produced is both safe and flexible. We construct a master-slave system to 

enable the robot hand to perform the same operations as a human hand. 

Next, we make a joint model that has one degree of freedom using a 

pneumatic actuator. We construct a control system for the joint model and 

verify its control performance. 

 

Comment: Constructing a master-slave system which achieves a level of 

robot hand operation similar to that of a human. 
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Fabrication and 

Basic Experiments 

of Pneumatic Multi-

chamber Rubber 

Tube Actuator for 

Assisting 

Colonoscope 

Insertion 

Shuichi 

Wakimoto, and 

Koichi Suzumori, 

Member, IEEE 

2010 IEEE 

International 

Conference on 

Robotics and 

Automation 

Anchorage 

Convention 

District 

May 3-8, 2010, 

Anchorage, 

Alaska, USA 

Introduction- Colonoscopy is an important medical action to detect 

disorders like colon cancer. However generally it is difficult to insert a 

scope into the colon, because the colon is flexible and complex shape. 

Purpose- This study aims at development of an actuator which can add 

propelling ability to a colonoscope. 

Methodology- We focused on rubber pneumatic actuators, because 

advantages of them, for example, high compliance, low cost, water proof, 

and so on, agree with the required properties of medical devices. In 

previous paper, we designed a novel rubber actuator consisting multi air 

chambers by using nonlinear FEM (finite element method). In this 

research, we fabricated the actuator employing the design; whose cross 

section is about 5mm x 5mm and length is over 100m, by extrusion 

molding method successfully.  

Results & Analysis- The deformation characteristics of the actuator were 

clarified by a motion capture system. As a result, elliptic trajectory which 

leads propelling motion was confirmed. In addition, transportation of a 

dummy scope was achieved by winding two actuators. 

 

Comment: In this study, the aim is at development of a novel tube rubber 
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actuator assisting colonoscope insertion. 
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Development of a 

Pneumatic Robot for 
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Approaches 

2010 IEEE 

International 
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Sang-Eun Song, 

Nathan B. Cho, 

Gregory Fischer, 

Nobuhito Hata, 

Clare Tempany, 

Gabor Fichtinger 

and Iulian 

Iordachita 

Introduction- Magnetic Resonance Imaging (MRI) guided prostate biopsy 

and brachytherapy has been introduced in order to enhance the cancer 

detection and treatment. For the accurate needle positioning, a number of 

robotic assistants have been developed. However, problems exist due to the 

strong magnetic field and limited workspace. Pneumatically actuated 

robots have shown the minimum distraction in the environment but the 

confined workspace limits optimal robot design and thus controllability is 

often poor.  

Methodology- To overcome the problem, a simple external damping 

mechanism using timing belts was sought and a 1-DOF mechanism test 

result indicated sufficient positioning accuracy. Based on the damping 

mechanism and modular system design approach, a new workspace-

optimized 4-DOF parallel robot was developed for the MRI-guided 

prostate biopsy and brachytherapy. A preliminary evaluation of the robot 

was conducted using previously developed pneumatic controller and 

satisfying results were obtained. 

 

Comment: In order to overcome problems of pneumatically actuated 

MRI-compatible prostate needle placement robots, a new controllability 

enhanced external damping mechanism was developed. 
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Miniature Pneumatic 

Curling Rubber 

Actuator Generating 
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with One Air-Supply 
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ShuichiWakimoto

,  

Koichi Suzumori  

and Keiko Ogura 
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NV, Leiden, 2011  

 

DOI:10.1163/016

918611X574731 

Introduction- Soft actuators driven by pneumatic pressure are promising 

actuators for mechanical systems in medical, biological, agriculture, 

welfare fields and so on, because they can ensure high safety for fragile 

objects from their low mechanical impedance.  

Methodology- In this study, a new rubber pneumatic actuator made from 

silicone rubber was developed. Composed of one chamber and one air-

supply tube, it can generate curling motion in two directions by using 

positive and negative pneumatic pressure. The rubber actuator, for 

generating bidirectional motion, was designed to achieve an efficient shape 

by nonlinear finite element method analysis, and was fabricated by a 

molding and rubber bonding process using excimer light.  
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Results & Analysis- The fabricated actuator was able to generate curling 

motion in two directions successfully. The displacement and force 

characteristics of the actuator were measured by using a motion capture 

system and a load cell. As an example application of the actuator, a robotic 

soft hand with three actuators was constructed and its effectiveness was 

confirmed by experiments. 

 

Comment: A novel pneumatic rubber actuator that can generate 

bidirectional curling motion by one air-supply tube was developed. 
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Accurate Position 

Control of a 

Pneumatic 

Actuator Using 

On/Off Solenoid 

Valves 

Robert B. van 

Varseveld and 

Gary M. Bone 

IEEE/ASME 

Transactions On 

Mechatronics, 

Vol. 2, No. 3, 

September 1997 

Introduction- The development of a fast, accurate, and inexpensive 

position-controlled pneumatic actuator that may be applied to a variety of 

practical positioning applications is described.  

Methodology- A novel pulsewidth modulation (PWM) valve pulsing 

algorithm allows on/off solenoid valves to be used in place of costly servo 

valves. The open-loop characteristic is shown both theoretically and 

experimentally to be near symmetrical.  

Results & Analysis- A comparison of the open and closed-loop responses 

of standard PWM techniques and that of the novel PWM technique shows 

that there has been a significant improvement in the control. A linear 

process model is obtained from experimental data using system 

identification. A proportional integral derivative (PID) controller with 

added friction compensation and position feedforward is successfully 

implemented. A worst case steady-state accuracy of 0.21mm 

is achieved with a rise time of 180ms for step inputs from 

0.11 to 64 mm. Following errors to 64-mm S-curve profiles were less than 

2.0 mm. The controller is robust to a sixfold increase in the system mass. 

Findings- The actuator‘s overall performance is comparable to that 

achieved by other researchers using servo valves. 

 

Comment: The position control was successfully implemented using on/off 

solenoid valves. 

 

59 Multimodel PD- Mostafa Int J Adv Manuf Introduction- In this paper, a multimodel controller is designed and 
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Ali Ghaffari 

Technol (2010) 

48:655–662 

DOI 

10.1007/s00170-

009-2293-3 

implemented to a variably loaded pneumatic actuator. A particular design 

of the pneumatic system with one PWM-driven switching valve is utilized 

which has a quasilinear input–output behavior under constant load 

conditions.  Therefore, under a constant load, position control is properly 

accomplished by a linear PD controller.  

Methodology- In order to use the system in variable load applications such 

as robot actuators, a multimodel controller is designed based on the PD-

controllers. For this purpose, a number of constant loads are considered 

and corresponding to each load, a linear model is identified and a PD-

controller is tuned for the system. Then, a switching algorithm is applied 

which determines the best model and selects the corresponding controller 

in any load condition. Also, for the realization of the D-action in PD-

controllers, a Kalman filter is designed to observe the velocity instead of 

direct differentiation of the output position.  

Results & Analysis- Experimental results indicate the high performances 

of the multimodel controller under variable load conditions. 

 

Comment: Position control of a pneumatic cylinder under variable loads is 

carried out using a multimodel control approach. 
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Introduction- In this paper, a combination of nonlinear gain and 

proportional integral derivative (NPID) controller was proposed to the 

trajectory tracking of a pneumatic positioning system.  

Methodology- The nonlinear gain was employed to this technique in order 

to avoid overshoot when a relatively large gain is used to produce a fast 

response. This nonlinear gain can vary automatically either by increasing 

or decreasing depending on the error generated at each instant.  

Results& Analysis- Mathematical model of a pneumatic actuator plant 

was obtained by using system identification based on input and output of 

open-loop experimental data. An auto-regressive moving average with 

exogenous (ARMAX) model was used as a model structure of the system. 

The results of simulation and experimental tests conducted for pneumatic 

system with different kind of input namely step, sinusoidal, trapezoidal and 

random waveforms were applied to evaluate the performance of the 
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proposed technique. The results reveal that the proposed controller is better 

than conventional PID controller in terms of robust performance as well as 

show an improvement in its accuracy. 

 

Comment: 
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Introduction- This paper presents a comparative study among friction 

behavior of several double-acting pneumatic actuators available to 

industrial use. A brief review covering the manner that pneumatic actuator 

manufacturers and current literature approach friction force and its usual 

models also is presented.  

Methodology- After depicting friction test methodology and test 

apparatus, the comparison work is carried out through experimental tests to 

friction identification from steady state friction-velocity maps, that permit 

identify the main friction characteristics to each pneumatic cylinder in 

evaluation. They are Static friction, Coulumb friction, Stribeck friction and 

Viscous friction that are important to design a precision pneumatic servo 

system.  

Results & Analysis- Experimental results to cylinders of several 

manufacturers are presented and show friction characteristics that vary 

with actuator manufacturer. To know cylinder friction is an important step 

to friction compensation and to select the pneumatic actuator.  

Findings- The appropriate choice of actuator manufacturer also can 

contribute to the precision control success. 

 

Comment: This work has shown friction characteristics of several tested 

pneumatic actuators from many different manufacturers through their main 

friction coefficients obtained from experimental friction-velocity maps. 
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Development of 

Rodless Type 

Flexible Pneumatic 

Cylinder and Its 

Application 

Tetsuya Akagi 

and Shujiro Dohta 

 Introduction-In Japanese society, an important problem of providing 

nursing care for the elderly has occurred. As a result, it is necessary to 

develop systems to aid in nursing care. The actuators required for such a 

system need to be flexible so as not to injure the body.  

Purpose- The purpose of our study is to develop a flexible and lightweight 
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actuator which can be safe enough to be attached to the human body.  

Methodology- We propose new types of flexible pneumatic actuators that 

can be used even if the actuator is deformed by external forces. In this 

study, we tested rodless type flexible pneumatic cylinders and investigated 

characteristics of the cylinders. We also applied the tested cylinders to a 

rotary actuator for a master-slave robot arm. 

 

Comment: This study aiming at the development of a flexible and 

lightweight actuator which can be safe enough to the human body. 
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Introduction- This paper introduces a new control method for pneumatic 

actuators, called ―Proportional Position and Stiffness (PPS)‖ controller.  

Methodology- The PPS method provides both position and stiffness 

control for a robot joint driven by a pneumatic cylinder with four ON-OFF 

valves. In addition, the proposed control system consumes much less 

compressed air than comparable strategies. These features make the PPS 

method highly suitable to applications on mobile robots. 

 

Comment: The proposed control law based on the inverse model approach 

resulted in a substantial reduction in compressed air consumption 

comparing with linear PID controller. 
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Tracking control of 
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Jihong Wang, 
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1, 47–66 

Purpose- To achieve more accurate tracking control, a control strategy for 

servo pneumatic systems based on the feedback linearization theory is 

presented.  

Methodology- The nonlinear pneumatic actuator system is transformed 

into a linear system description, with a linear input–output map by regular 

static state feedback and state coordinate transformation. A servo tracking 

controller is then developed for the system based on the linear system 

model. Since there exists an inverse transformation for the new coordinate 

system, the designed servo control is transformed back to the original state 

coordinates with the original input variables. Two different cases are 

discussed: the pneumatic cylinder is driven (1) by a single five-port 

proportional valve and (2) by two three-port proportional valves. At the 
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initial stage, for the convenience of analysis, the static friction forces are 

ignored. They are treated as uncertainties addition to the system in the later 

sections. For on-line implementation, the controller is simplified to require 

only position and velocity state variables in its feedback.  

Results & Analysis- The simulation results show that the simplified 

controller can drive the system to achieve the required tracking accuracy. 

 

Comment: Nonlinear pneumatic actuator systems are linearized via input–

output feedback linearization. 
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Proceedings of 

the Institution of 

Mechanical 

Engineers, Part I: 

Journal of 

Systems and 

Control 

Engineering 

Introduction- Micro motion tasks can be found in a wide set of 

applications, ranging from the assembly of small parts in the 

semiconductor industry to assisted surgery in medicine. Methodology- 

Conventional actuation systems for these types of task are based on the 

existence of electromagnetic fields (servomotors) or on the existence of 

some kind of material shape alteration (piezoelectric actuators). Driven by 

the intrinsic advantages presented by pneumatic systems, such as low cost, 

the absence of heat or magnetic field generation and a wide range of 

operation, this article presents a different approach, based on the use of 

commonly available industrial servo pneumatic components.  

Results & Analysis- Experimental results show that it is possible to 

correctly follow 5mm step references within a 280mm stroke, without any 

controller retuning and with mass load changes from 2.69 to 13.1 kg. 

 

Comment: This work may contribute to the use of pneumatic systems in 

micro–macro positioning tasks that are conventionally performed using 

electrical motors or hybrid actuation systems. 
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Control Design for 

Relative Stability in 

a PWM-Controlled 

Pneumatic 

System 

Eric J. Barth, 

Jianlong Zhang, 

and  

Michael 

Goldfarb 

Contributed by 

the Dynamic 

Systems, 

Measurement, 

and Control 

Division of THE 

Introduction- This paper presents a control design methodology that 

provides a prescribed degree of stability robustness for plants characterized 

by discontinuous (i.e., switching) dynamics. 

Methodology- The proposed control methodology transforms a 

discontinuous switching model into a linear continuous equivalent model, 

so that loop-shaping methods may be utilized to provide a prescribed 
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degree of stability robustness. The approach is specifically targeted at 

pneumatically actuated servo systems that are controlled by solenoid 

valves and do not incorporate pressure sensors.  

Results & Analysis- Experimental demonstration of the approach 

validates model equivalence and demonstrates good tracking performance. 

 

Comment: The method is illustrated by way of example on a single degree-

of-freedom pneumatic system. 
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Cascade Controlled 

Pneumatic 

Positioning System 

with LuGre Model 

Based Friction 

Compensation 

Raul Guenther, 

Eduardo C. 

Perondi, 

Edson R. DePieri, 

Antônio C. 

Valdiero 

 Introduction- This paper proposes a cascade controller with friction 

compensation based on the LuGre model. This control is applied to a 

pneumatic positioning system.  

Methodology- The cascade methodology consists of dividing the 

pneumatic positioning system model into two subsystems: a mechanical 

subsystem and a pneumatic subsystem. This division allows the 

introduction of friction compensation at force level in the pneumatic 

positioning system. 

Using Lyapunov´s direct method, the convergence of the tracking errors is 

shown under the assumption that the system parameters are known.  
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Results & Analysis- Experimental results illustrate the main 

characteristics of the proposed controller. 

 

Comment: It was outlined that the cascade control strategy allows the use 

of the LuGre friction model without any assumptions about the force 

response in the actuator. 
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Adaptive Position 

Control of 

Antagonistic 

Pneumatic Muscle 

Actuators 

Gustavo 

A.Medrano-

Cerda,  

Colin J.Bowler 

and  

Darwin 

G.Caldwel1 

 Introduction- Problems with the control and compliance of pneumatic 

systems have prevented their widespread use in advanced robotics. 

However, their compactness, power/weight ratio and inherent safety are 

factors that could potentially be exploited in sophisticated dexterous 

manipulator designs. These advantages have led to the development of 

novel actuators such as the McKibben Muscle, Rubbertuator, Flexator, 

Romac and Pneumatic Muscle Actuators (PMA). However, the non-

linearities in these systems still limit their controllability. 

Methodology- This paper considers the development of an adaptive 

controller for bi-muscular Pneumatic Muscle Actuator System. Control of 

these muscles is explored via adaptive pole-placement controllers.  

Results & Analysis- Experimental results indicate that accurate position 

control +2°  is feasible, with power/weight outputs in excess of lkW/kg at 

250kPa being possible. 

 

Comment: The muscles which have previously been shown to have an 

excellent power/weight ratio performance. 
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Investigation of 

Bipedal Robot 

Locomotion using 

Pneumatic 

Muscle Actuators 

Darwin 

G.Caldwel1, 

G.A.Medrano-

Cerda, and  

C. J.Bowler 

Proceedings of 

the 1997 EEJ5 

International 

Conference on 

Robotics and 

Automation 

Albuquerque, 

New Mexico - 

April 1997 

Introduction- Bipedal locomotion and particularly the human gait is a 

highly automated and complex process involving large numbers of 

actuators. 

unfortunately actuator technology is an area of robotics with many 

conflicting requirements such as: high power density, high power to weight 

ratio, rapid response, accurate repeatable control, cleanliness, high 

efficiency, and low cost, which make selection complex. 

Methodology- Pneumatic Muscle Actuators (based on the McKibben 

Muscle) which can provide position and force control better than 1% have 
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been applied to upper limbs with some success and with contractile forces 

in excess of 1000N (in units weighing less than 50g) there is considerable 

potential for use in bipedal locomotion. This paper will explore the design 

of a bipedal robot to take advantage of the potential of these actuators. 

Muscle co-ordination and control sequences will be considered for striding 

and standing activities and it will be shown that in terms of the energy 

requirements PMAs are very capable of providing a reliable bipedal drive 

source with linear actuation, low mass, fast response, compliant energy 

storage and simple construction. 

 

Comment: In this work it has been shown that PMAs can easily generate 

the contractile forces needed to power a biped, even under extreme 

conditions such as standing. 
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Pneumatic Muscle 

Actuator 

Technology a light 

weight 

power system for a 

Humanoid Robot 

Darwin 

G.Caldwel1,  

N. Tsagarakis, 

D.Badihi  

and 

G.A.Medrano-

Cerda 

Proceedings of 

the 1998 IEEE 

International 

Conference on 

Robotics & 

Automation 

Leuven, Belgium 

- May 1998 

Introduction- The recent displays of humanoid robots and particularly the 

Honda humanoid robot has generated considerable public interest which 

should not simply be seen as a publicity exercise. The development of 

humanoid robots has a number of purposes, some functional and others 

more esoteric, presenting substantial challenges to scientists in areas such 

as applied mathematics, biology, physiology and engineering, and forming 

an advanced integration test bed.  

Purpose- Among the many challenges posed by a project of this type is the 

structural mechanism and the interaction with actuator technology were the 

demand is for controlled, high power/weight devices that can safely 

interact with humans.  

Methodology- This work will report on a the construction of 

components for a humanoid robot (bipedal walking, torso, twin seven dof 

arms and twin five fingered hands) giving a total of 44 do0 powered by a 

new low mass high power weight and volume actuation system; the 

Pneumatic Muscle Actuator. In addition to their power and force 

capabilities the PMA being pneumatic produces a more natural human 

muscle like contact and as such can be considered a soft actuation system 

with the inherent safety implication when working in close proximity to 

humans. The integration and testing of the performance of the component 
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sections will also be considered to show how these structures and actuators 

can be combined to produce the various systems needed for a low mass 

humanoid and the potential for future application in humanoid and other 

robotic fields explored. 

  

Comment: The design has concentrated on the mass of the robot and how 

this may be reduced by using high power weight actuators. 
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Modeling, 

Identification, and 

Control of a 

Pneumatically 

Actuated, Force 

Controllable Robot 

James E. Bobrow 

and  

Brian W. 

McDonell 

IEEE 

Transactions On 

Robotics And 

Automation, Vol. 

14, No. 5, 

October 1998 

Purpose- This research focuses on modeling and control of a light-weight 

and inexpensive pneumatic robot that can be used for position tracking and 

for end-effector force control.  

Introduction- Unlike many previous controllers, our approach more fully 

accounts for the nonlinear dynamic properties of pneumatic systems such 

as servovalve flow characteristics and the thermodynamic properties of air 

compressed in a cylinder.  

Methodology- We show with theory and experiments that pneumatic 

actuators can rival the performance of more common electric actuators. 

Our pneumatic robot is controlled by extending existing manipulator 

control algorithms to handle the nonlinear flow and compressibility of air. 

The control approach uses the triangular form of the coupled rigid body 

and air flow dynamics to establish path tracking. In addition to the 

trajectory tracking control law, a hybrid position/force control algorithm is 

developed.  

Results & Analysis- The experimental results indicate that the tip forces 

on the robot can be controlled without the need for an expensive 

force/torque sensor usually required by electric motor driven systems. 

 

Comment: The theory and experiments developed in this research 

demonstrate that the key to a high performance pneumatic system is a good 

model. 
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A Study of 

Pneumatic Muscle 

Technology for 

D. W. Repperger, 

C. A. Phillips, 

D. C. Johnson,  

Proceedings - 

19th International 

Conference - 

Introduction- Pneumatic muscles, in an actuation paradigm, provide a 

new form of technology which can be used to facilitate and provide 

strength or mobility assistance.  
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65 Possible Assistance 

in Mobility 

R. D. Harmon,  

K. Johnson 

IEEE/EMBS Oct. 

30 - Nov. 2, 1997 

Chicago, IL. USA 

Purpose- This paper concentrates on how such a system (a balloon which 

expands within an enclosed sheath surface highly compliant in one 

direction (radial) and highly noncompliant in the orthogonal direction 

(axial) can be utilized to provide rehabilitation assistance.  

Methodology-The actuator described herein has the unique advantages of 

having the largest ratio of power/weight and power/volume as compared to 

hydraulic or electric motor analogs which would perform this function. 

Studies on the nonlinearities of the composite system under consideration 

are conducted. As a totally integrated assemblage, the approach here is to 

treat the actuator like any rigid material substance and to determine both 

the equivalent Young‘s modulus and Poisson‘s ratio. 

 

Comment: The use of a technology such as a pneumatic muscle actuator 

has great potential for applications in mobility assistance due to its high 

power/weight and power/volume ratio. 
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A VSC Position 

Tracking System 

Involving a large 

Scale Pneumatic 

Muscle Actuator 

D. W. Repperger, 

K. R. Johnson, 

C. A. Phillips 

Proceedings of 

the 37th IEEE 

Conference on 

Decision & 

Control 

Tampa, Florida 

USA December 

1998 

Introduction- A variable structure controller (VSC) is developed to 

provide position tracking capability for a very large pneumatic muscle 

actuator, which has inherently nonlinear dynamics.  

Methodology- After the controller design is completed, the internal 

dynamics of the closed-loop system are shown to be stable. Robustness and 

passivity issues are then discussed. The switching law is modified to 

account for the different dynamics through the use of a composite 

Lyapunov function which guarantees asymptotic tracking stability. 

 

Comment: A pneumatic musde actuator was analyzed to provide position 

tracking even though its dynamics were inherently nonlinear and suffered 

from reduced bandwidth. 
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Development of a 

Pneumatic Muscle 

Actuator driven 

Manipulator Rig 

for Nuclear Waste 

Darwin 

G.Caldwel1, 

N.Tsagarakis, 

G.A.Medrano-

Cerda, 

Proceedings of 

the 1999 IEEE 

International 

Conference on 

Robotics & 

Introduction- The processes of nuclear clean-up, dismantling and 

decontamination are highly hazardous, but in many instances, particularly 

where the facility is older there has been little provision for automation, 

and human intervention is necessary. 

Methodology- This paper describes a prototype design of a tele-
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Retrieval Operations J.Schofield,  

and S.Brown 

Automation 

Detroit, Michigan 

May 1999 

operational rig for retrieval of radioactive material (spent Magnox fuel) 

from underwater storage ponds. The system uses a combination of the 

traditional man-handled manipulation pole combined with new pneumatic 

Muscle Actuators (pMA). The paper will consider the design requirement, 

the technology and the system performance in dry test operations. 

 

Comment: The aim is to automate for remote operation, a currently 

manually powered procedure for retrieval of spent fuel. 
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Nonlinear Feedback 

Controller Design of 

A Pneumatic Muscle 

Actuator System 

D. W. Repperger, 

K. R. Johnson, 

C.A. Phillips 

Proceedings of 

the American 

Control 

Conference 

San Diego, 

California  

June 1999 

Purpose- A study is conducted on several paradigms to provide closed-

loop position control of an actuator powered by a pneumatic muscle 

system. This actuator has many advantages including having extremely 

high power/weight and power/volume ratios, being light-weight, 

autonomous, and safe.  

Methodology- An implementation as a tracking controller using a gain 

scheduling method is presented. 

 

Comment: A feedback linearization scheme shows an exact method to 

provide position tracking. 
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Improved Modelling 

and Assessment of 

pneumatic 

Muscle Actuators 

N. Tsagarakis and 

Darwin G. 

Caldwell 

Proceedings of 

the 2000 IEEE 

International 

Conference on 

Robotics & 

Automation 

San Francisco, 

CA • April 2000 

Introduction- Traditional robotic/mechatronic design has successfully 

exploited the attributes of heavy mechanical systems engineering, but 

future scientific trends suggest a need for technology that will emulate 

natural systems. Among the most pressing of the requirements are 

actuation systems that can interact in a safer and more natural way. 

Pneumatic technology has many of the compliance forms needed for this 

softer interaction and a number of new systems based on McKibben 

muscles have been developed in recent years. As with all forms of actuator 

effective modelling of the performance of these actuators is a prime 

requirement.  

Methodology- In this paper a new model of operation of pneumatic 

muscle systems is developed. In particular, the model considers the 

distortion effects at the termination nodes and the radial pressure loss due 

to rubber elasticity. The new model is compared experimentation on a very 
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large actuator (1.78m long) and shows how this new model improves the 

assessment of forces and displacement that can be achieved by the 

actuator.  

Results & Analysis- The new model is compared against previous systems 

models. 

 

Comment: This work has shown a new model of the force/displacement 

profile of pneumatic muscles type actuators, permitting better planning of 

designs and assessment of performance requirements. 
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A 7 dof pneumatic 

Muscle Actuator 

(pMA) powered 

Exoskeleton 

N.Tsagarakis, 

D.G.Caldwell  

and GAMedrano-

Cerda 

Proceedings of 

the 1999 IEEE 

International 

Workshop on 

Robot and Human 

Interaction 

Pisa, Italy - 

September 1999 

Introduction- The development of haptic systems for VR and telepresence 

has been identified as a key feature in the progression from observation of 

the environment to interaction. Arm masters and exoskeletons have formed 

an important user interface for the provision of such facilities, with these 

devices requiring a subtly combination of complex mechanical, electrical 

and kinematic structures with user requirements of low mass, portability, 

comfort, flexibility and safety. The actuation system is often identified as a 

focus of this design blending process. 

Methodology- This work considers the design, construction and testing of 

a light weight comfortable high power 7 degree of freedom force feedback 

exoskeleton. This is achieved through the use, modeling and control of 

pneumatic Muscle Actuators @MA) that provide lightweight, low cost, 

flexible, portable, comfortable and inherently safe input/feedback/control 

operation. Models of operation in a virtual environment are developed and 

demonstrated, with experimental results to illustrate the effectiveness of 

the device in replicating contact forces and creating a sensation of virtual 

presence. 

 

Comment: This work has shown the development of a full arm exoskeleton 

force display which is capable of creating the illusion of contacts between 

the operator arm and virtual surfaces. 
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This contribution reports on a type of pneumatic artificial muscles (PAMs) 

that was recently developed at the Vrije Universiteit Brussel, department of 
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Proceedings 
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Como, Italy 

Mechanical Engineering. Its distinguishing feature is its pleated design. 

Due to this, it has a very high contraction force and an equally high travel. 

The weight of these pleated PAMs is very low: a muscle of only 60gr can 

pull up to 3500N and contract by an amount of 42%. Furthermore, dry 

friction and associated hysteresis, typical of many other designs, is avoided 

by the folding-unfolding action. This significantly simplifies position 

control using these actuators. Although the force displacement 

characteristics of our actuators are non-linear, they can be effectively 

controlled using basic linear PI techniques. Another advantage of these 

actuators is their inherent and controllable compliance, making them 

ideally suited for walking/running machines or whenever delicate tasks, 

e.g. handling fragile objects, have to be performed. In view of all 

characteristics pleated PAMs are very well suited for automation and 

robotic applications. 

 

Comment: This paper summarized the design and characteristics of pleated 

PAMs. These muscles perform very well in position control. 
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Nonlinear Control of 

a Pneumatic Muscle 

Actuator: 

Backstepping vs. 

Sliding-mode 

P. Carbonell,  

Z. P. Jiang,  

D. W. Repperger 

Proceedings of 

the 2001 IEEE 

International 

Conference on 

Control 

Applications 

September 5-

7,2001 Mexico 

City, Mexico 

This paper weighs up the pros and cons of three different tracking 

controllers for a Pneumatic Muscle 

Actuator: robust back stepping, adaptive backstepping and sliding-mode. 

Robustness is assured for three controllers in the presence of model 

uncertainties and external perturbations. Ultimate boundedness is proved 

for the robust and adaptive backstepping tracking controller. Exponential 

stability is proved for the sliding-mode tracking controller. The tracking is 

well achieved by the sliding-mode and the adaptive controller. On the 

contrary, the robust backstepping shows a noticeable tracking error. The 

sliding-mode leads to a high-frequency switching control law. 

 

Comment: It is worth noting that both the robust backstepping controller 

and the adaptive backstepping controller are constituted by a combination 

of a linear controller plus a nonlinear term. 

 

81 High Steady-State Shu Ning and Proceedings of Pneumatic servo actuators have the benefits of low cost, cleanliness and a 
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Accuracy Pneumatic 

Servo Positioning 

System with 

PVA/PV Control 

and Friction 

Compensation 

Gary M. Bone the 2002 IEEE 

International 

Conference on 

Robotics 8 

Automation 

Washington, DC 

May 2002 

high power-to-weight ratio. However, their relatively poor accuracy 

prevents them from competing with electro-mechanical systems when 

higher accuracy is needed. The cause of the steady-state error for a 

pneumatic servo system with an open-center servo valve is investigated. 

Full nonlinear and linearized plant models are presented. An effective 

friction compensation method is introduced which can be added to any 

control strategy. When combined with a novel PVA/PV control approach, 

a steady-state accuracy of ±0.01mm has been verified in experiments. This 

is a tenfold improvement over previously reported experimental results for 

such systems. This performance is achieved for both vertical and 

horizontal movements with payloads ranging from 0.3 to 11.3 kg, without 

re-tuning the controller. 

 

Comment: The cause of the steady-state error for a pneumatic servo system 

with an open-center servo valve was investigated. 
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Enhanced Dynamic 

Performance in 

pneumatic Muscle 

Actuators 

S. Davis, J. 

Canderle, 

P.Artrit, N. 

Tsagarakis and 

Darwin G. 

Caldwell 

Proceedings of 

the 2002 IEEE 

International 
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Robotics 8 

Automation 

Washington, DC 

May 2002 

Introduction- Pneumatic Muscle Actuators based on McKibben muscles 

have performance characteristics that may be of considerable significance 

in robotics due to their power/weight ratio and use as user friendly soft 

drives. However, the dynamic response (bandwidth) has been inferior to 

electric systems, with a secondary concern over system stiffness. 

Methodology- In this paper, the bandwidth limit is addressed from two 

perspectives; air flow effects and the physical structure of the actuator. 

Results & Analysis- It is shown that; 

i). By reducing the dead volume within the muscle structure (by the 

addition of a variety of filler materials) the bandwidth can be increased by 

up to 

400%, with similar increases in system stiffness. At the same time the air 

volume used to power the actuator can be reduced by up to 80-90%. The 

methods of achieving these improvements are fully assessed. 

ii). By ensuring effective air flow rates, it is shown that bandwidth limits 

can be increased by several 100% and potentially increases of l000s% are 

possible. 
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Comment: This paper has shown that the major constraining factors on the 

dynamics of pMA systems is the supply pipe and valve resistance (energy 

delivery system) which should be as low as possible. 
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System 

With Non Negligible 

Connection Port 
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Pascal Bigras, 

Karim Khayati 

Proceedings of 

the American 

control 
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Anchorage, AK 

May 8-1 0,2002 

Introduction- This paper presents an approach to design an observer for a 

pneumatic cylinder system for which the connection port comprises a non-

negligible restriction. The pressure chamber of this system is difficult to 

control because the servo valve and the connection port form a double 

restriction. Moreover, the pressure in the cylinder cannot be directly 

measured and cannot be expressed as an explicit function of the 

measurable pressure.  

Methodology- A nonlinear observer is further designed to estimate the 

pressure in the chamber by using the measured pressure outside the 

cylinder. The Linear Matrix Inequality (LMI) approach is used to calculate 

the observer gains which ensure the exponential stability of the estimation 

error.  

Results & Analysis- Simulation results show good performance of the 

proposed observer. 

 

Comment: In this paper, an approach has been proposed to design a 

nonlinear observer for a class of pneumatic systems for which the cylinder 

connection ports comprise a nonnegligible restriction. 
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Cylinder Actuators 

Shunmugham R. 

Pandian, 

Member, IEEE, 
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Vol. 7, No. 4, 

December 2002 

Introduction- Recent research has shown that robust and precise high-

speed control of pneumatic actuators is practicable, by application of 

advanced control techniques such as model-based adaptive and sliding-

mode control. However, the resulting need for full state-based feedback 

and feedforward control—in particular, the measurement of air pressures 

increases both the cost and complexity of the overall system.  

Purpose- In this paper, we consider the problem of design of observers to 

estimate the chamber pressure variables in a cylinder actuator.   

Methodology- Since the cylinder pressures are not simultaneously 

observable because of the nature of cylinder dynamics, we first propose a 

continuous gain observer in which the pressure on one side of the cylinder 
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is measured and the pressure on the other side is estimated. Next, we 

propose a sliding-mode observer where numerically estimated acceleration 

is used in order to observe both pressures, with ultimate bounded stability. 

A sliding-mode controller is proposed, whose sensitivity to errors under 

the sliding-mode observer is studied. The proposed observers are simple, 

effective and easy to implement.  

Results & Analysis- Results of experimental implementation illustrate the 

practical effectiveness of the new observers. 

 

Comment: The proposed methods are simple and easy to implement and 

the accuracy is mainly limited by the friction in cylinder and control 

valves. 
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of a Non-Linear 

Pneumatic Muscle 
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Kishore 

Balasubramanian 

and Kuldip S. 

Rattan 

The IEEE 

International 

Conference on 

Fuzzy Systems 

Introduction- Inverse dynamics is a commonly used technique in the 

control of dynamic systems.  

Methodology- A fuzzy inverse dynamics controller (feedforward control), 

for a Pneumatic Muscle system is designed using two methods: Weighted 

Average and the Least Squared Error. Both methods use data collected 

from the system. The inverse model obtained using the two method are 

tested for its trajectory tracking capabilities and the results are compared.  

Results & Analysis- Simulation results show that the feedforward 

controller obtained using Least Squared Error method has better trajectory 

tracking capabilities than the weighted average scheme. 

 

Comment: This paper presents the design of a fuzzy feed forward 

controller for a highly non-linear Pneumatic Muscle system, using 

Weighted Average and Least Squared Error methods. 
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Learning Control 

for a Pneumatic 
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Daniel W. 

Repperger, 

James E. Berlin 

The IEEE 

International 

Conference on 

Fuzzy Systems 

Introduction- A fuzzy learning control technique is used for position 

tracking involving the vertical movement of a mass attached to a 

pneumatic muscle.  

Methodology- Because the pneumatic muscle is nonlinear and time 

varying, conventional fixed controllers are less effective than the fuzzy 

controller proposed in this paper. The controller is of a PID type, with an 
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adaptive fuzzy PD part and a non-fuzzy integral branch. A novelty of the 

controller is that the fuzzy inverse model, which dynamically adjusts the 

PD part of the controller, incorporates the internal PM pressure as an input.  

Results & Analysis- Experimental results are presented from the 

pneumatic muscle test facility in the Human Effectiveness Laboratory at 

Wright-Patterson Air Force Base. 

  

Comment: The problem addressed in this paper is position tracking control 

for a pneumatic muscle actuator. 
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of a Pneumatic 

Muscle System 

Using a Linearizing 

Control Scheme 

Kishore 

Balasubramanian 

and  

Kuldip S. Rattan 

 Introduction- A linearizing control scheme for a highly nonlinear 

Pneumatic Muscle (PM) system is presented in this paper. Linearizing 

controllers have been widely used in the control of robotic systems. Since 

PM is a highly nonlinear system, the concept of linearizing control can be 

extended to the control of these muscles.  

Methodology- Pneumatic muscle has air pressure as its input and the 

output is a displacement of the muscle. The system is considered to be a 

mass-spring-damper system with a nonlinear damper and a spring. This 

nonlinearity makes the design of a mathematical 

Controller more difficult. The scheme presented in this paper uses fuzzy 

logic to implement the controller. The controller has a model-based portion 

and a servo-based portion. The model-based portion cancels all the 

nonlinearities caused by the nonlinear damper and spring. Therefore, the 

system as seen by the servo-based portion is linear, which can then be 

controlled using a linear PID controller. The controller is conceptually 

simple but exhibited superior tracking capability. 

 

Comment: A linearizing control or control law partitioning scheme using 

fuzzy logic is introduced in this paper to control a highly non-linear 

pneumatic muscle system. 
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John H. Lilly, 

Senior Member, 

IEEE 

IEEE 

Transactions On 

Neural Systems 

Introduction- Adaptive tracking techniques are applied to pneumatic 

muscle actuators arranged in bicep and tricep configurations. 

Purpose- The control objective is to force the joint angle to track a 
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September 2003 

specified reference path.  

Methodology- Mathematical models are derived for the bicep and tricep 

configurations. The models are nonlinear and in general time-varying, 

making adaptive control desirable.  

Results & Analysis- Stability results are derived, and the results of 

simulation studies are presented, contrasting the nonlinear adaptive control 

to a nonadaptive PID control approach. 

 

Comment: Dynamic models for pneumatic muscles in bicep and tricep 

configurations actuating a mass have been derived.  
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A Flatness Based 

Design for Tracking 

Control of 

Pneumatic Muscle 

Actuators 

A. Hildebrandt, 

Sawodny,  

R. Neuman,  

A. Hartman 

Seventh 

International  

Conference un 

Control, 

Automation, 

Robotics And 

Vision 

(ICARCV'OZ), 

Dec 2002, 

Singapore 

Introduction- Because of their high power/weight ratio pneumatic 

actuators, especially the so called pneumatic muscles, are very interesting 

for the use as actuators in robotics. But, in fact the physical model is highly 

nonlinear, in the following a flatness based position controller for the 

pneumatic artificial muscles is presented. The considered pneumatic 

muscle is produced by the manufacturer Festo and possesses a high pulling 

force to 4000N and a very long lifetime at least to 10 million switching 

cycles.  

Purpose- The control objective is to track the payload along a specified 

reference path including an active attenuation.  

Methodology- Since a model based control approach is pursued, a 

physical model is presented for an experimental setup. The model is very 

nonlinear making nonlinear flatness based control desirable.  

Results & Analysis- Experimental results are included and demonstrate 

the efficiency of the control. 

 

Comment: This paper deal with a control for pneumatic muscles which are 

produced by the manufacturer Festo.  
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Development of a 

Pneumatic Artificial 

Muscle based on 

Biomechanical 

Taro Nakamura, 

Norihko Saga  

and  

Kenji Yaegashi 

ICIT 2003 - 

Maribor. Slovenia 

Introduction- This paper reports the development of a pneumatic artificial 

muscle based on biomechanical characteristics. A wearable device and a 

rehabilitation robot which assists a human muscle should have 

characteristics similar to those of human muscle. In addition, because the 
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Characteristics wearable device and the rehabilitation robot should be light, an actuator 

with a high power/weight ratio is needed. At present, the McKibben type is 

widely used as an artificial muscle, but in fact its physical model is highly 

nonlinear. Further, the heat and mechanical loss of this actuator are large 

because of the friction caused by the expansion and contraction of the 

sleeve.  

Methodology- Therefore, the authors have developed an artificial muscle 

tube in which high strength Kevlar fiber has been built into the silicone 

tube. However, its contraction rate is smaller than actual biological 

muscles. In this study, an artificial muscle with a high contraction rate was 

developed by using natural latex robber as the tube material. Since the 

elasticity of this material is smaller than that of silicone, characteristics 

similar to those of an actual muscle can be expected.  

Results & Analysis- Experimental results demonstrate the effectiveness of 

this artificial muscle regarding its fundamental and biomechanical 

characteristics. 

 

Comment: In this paper, an artificial muscle with a higher contraction rate 

was developed by using natural latex rubber as the tube material. 
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A Two-Input 

Sliding-Mode 

Controller for a 

Planar Arm 

Actuated by Four 

Pneumatic Muscle 

Groups 

John H. Lilly and 

Peter M. Quesada 

IEEE 

Transactions On 

Neural Systems 

And 

Rehabilitation 

Engineering, Vol. 

12, No. 3, 

September 2004 

Introduction- Multiple-input sliding-mode techniques are applied to a 

planar arm actuated by four groups of pneumatic muscle (PM) actuators in 

opposing pair configuration.  

Purpose- The control objective is end-effector tracking of a desired path in 

Cartesian space.  

Methodology- The inputs to the system are commanded input pressure 

differentials for the two opposing PM groups. An existing model for the 

muscle is incorporated into the arm equations of motion to arrive at a two-

input, two-output nonlinear model of the planar arm that is affine in the 

input and, therefore, suitable for sliding-mode techniques. Relationships 

between static input pressures are derived for suitable arm behavior in the 

absence of a control signal.  

Results & Analysis- Simulation studies are reported. 
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Comment: A two-input sliding-mode controller has been designed for a 

2-DOF planar arm assembly with highly nonlinear pneumatic muscle 

actuators in opposing pair configurations actuating the shoulder and elbow 

joints. 
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A Pneumatic Muscle 

Hand Therapy 

Device 

E.J. Koeneman1, 

R. S. Schultz, 

S.L. Wolf,  

D. E. Herring, 

J.B. Koeneman 

Proceedings of 

the 26th Annual 

International 

Conference of the 

IEEE EMBS  

San Francisco, 

CA, USA • 

September 1-5, 

2004 

Introduction- Intensive repetitive therapy improves function and quality 

of life for stroke patients. Intense therapies to overcome upper extremity 

impairment are beneficial, however, they are expensive because, in part, 

they rely on individualized interaction between the patient and 

rehabilitation specialist. 

Methodology- The development of a pneumatic muscle driven hand 

therapy device, the Mentor, reinforces the need for volitional activation of 

joint movement while concurrently offering knowledge of results about 

range of motion, muscle activity or resistance to movement.  

Results & Analysis- The device is well tolerated and has received 

favorable comments from stroke survivors, their caregivers, and therapists. 

 

Comment: The device has been shown to be well tolerated, has received 

favorable comments from caregivers and stroke survivors. 
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Sliding Mode 

Tracking for 

Pneumatic Muscle 

Actuators in 

Opposing Pair 

Configuration 

John H. Lilly, 

Senior Member, 

IEEE, and Liang 

Yang 

IEEE 

Transactions On 

Control Systems 

Technology, Vol. 

13, No. 4, July 

2005 

Introduction- Sliding mode techniques are applied to pneumatic muscle 

actuators arranged in an agonist/antagonist, or opposing pair configuration. 

The pneumatic muscle (PM) pair actuates a planar elbow manipulator, with 

PMs in place of bicep and tricep. The control objective is elbow angle 

tracking under load.  

Methodology- A nonlinear mathematical model is derived for this system 

and a sliding mode controller is designed to give elbow angle tracking to 

within a guaranteed accuracy despite modeling errors. Static pressure 

requirements are also derived for stable arm behavior in the absence of a 

control signal.  

Results & Analysis- Stability results are derived, and the results of 

simulation studies are presented. The simulation studies also address the 

effects of PM heating. 

 



54 
 

NO. TITLE AUTHOR JOURNAL FINDING 

Comment: The model of the assembly with PMs is highly nonlinear. 
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Cascaded control 

concept of a robot 

with two degrees of 

freedom driven by 

four artificial 

pneumatic muscle 

actuators 

A. Hildebrandt,  

O. Sawodny, 

R. Neumann,  

A. Hartmann. 

2005 American 

Control 

Conference 

June 8-10, 2005. 

Portland, OR, 

USA 

Introduction- Pneumatic muscles are interesting in their use as actuators 

in robotics, since they have a high power/weight ratio, a high-tension force 

and a long durability.  

Methodology- This paper presents a two-axis planar articulated robot, 

which is driven by four pneumatic muscles. Every actuator is supplied by 

one electronic servo valve in 3/3-way function. Part of this work is the 

derivation of the model description, which describes a high nonlinear 

dynamic behavior of the robot. Main focus is the physical model for the 

pneumatic muscle and a detailed model description for the servo valves. 

The aim is to control the tool center point (TCP) of the manipulator, which 

bases here on a fast subsidiary torque regulator of the drive system 

compensating the nonlinear effects. As the robot represents a MIMO 

system, a second control objective is defined, which corresponds here to 

the average pressure of each muscle-pair. An optimization-strategy is 

presented to meet the maximum stiffness of the controlled drive system. As 

the torque controller assures a fast linear input/output behavior, a 

standardized controller is implemented which bases here on the Computed 

Torque Method to track the TCP.  

Results & Analysis- Measurement results show the efficiency of the 

presented cascaded control concept. 

 

Comment: This paper presents a physical model based torque regulator for 

a two-axis planar articulated robot, which is driven by four pneumatic 

muscles. 
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Flexor Mechanism 

of Robot Arm 

Using Pneumatic 

Muscle Actuators 

Norihiko Saga, 

Takashi Saikawa, 

and  

Hideharu Okano 

Proceedings of 

the IEEE 

International 

Conference on 

Mechatronics & 

Automation 

Niagara Falls, 

Introduction- This paper focuses on explaining the proposition of an 

actuator system using a pneumatic artificial muscle and a robot arm we 

developed. The pneumatic artificial muscle is light weight, and has high 

output and flexibility. Therefore, by incorporating this into the actuator of 

a robot arm, a light and flexible mechanism can be created and protection 

against collision etc. can be ensured.  

Methodology- However, in the case of an automatically balancing using a 
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simple pneumatic artificial muscle as an actuator, it is difficult to realize 

enough joint drive angle, because the contractive capability of the artificial 

muscle is limited. In this study, the structure of the pneumatic artificial 

muscle and the contraction characteristics are described and the structure 

of the actuator system offset- posting the newly devised artificial muscle is 

explained.  

Results & Analysis- In addition, the test results for contraction 

characteristics and system effectiveness are shown. From function tests of 

the robot arm designed based on the above characteristics, we confirmed 

the system has a joint drive angle equal to the human arm. 

 

Comment: A robot arm is developed incorporating the actuator system, and 

performed an evaluation of the effectiveness of the system. 

 

96 

 

** 

88 

Design and Control 

of a Manipulator 

Arm Driven by 

Pneumatic Muscle 

Actuators 

Željko Šitum, 

Srecko Herceg 

16th 

Mediterranean 

Conference on 

Control and 

Automation 

Congress Centre, 

Ajaccio, France 

June 25-27, 2008 

Introduction- It seems that the pneumatic artificial muscles (PAMs) have 

a very great potential in industrial applications for the actuation of new 

types of robots and manipulators. Their properties such as compactness, 

high strength, high power-to-weight ratio, inherent safety and simplicity 

are worthy features in advanced robotics.  

Methodology- In this paper we describe the design, construction and 

experimental testing of a single joint manipulator arm actuated by 

pneumatic muscle actuators. An antagonistic muscle pair is used in a linear 

translational sense to produce a force or in a rotational sense to produce a 

required torque on the pulley. The concept, operating principle and 

elementary properties of pneumatic muscle actuators are explained. A 

nonlinear mathematical model of the manipulator arm driven by pneumatic 

artificial muscles and controlled with proportional control valve is derived, 

which is used in a numerical simulation program.  

Results & Analysis- The experiments were carried out on practically 

realized manipulator actuated by pair of muscle actuators set into 

antagonism configuration. 

 

Comment: This paper deals with a design and control of a one degree of 

freedom manipulator actuated by pneumatic muscle actuators. 
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Sliding-Mode 

Control of a High-

Speed Linear Axis 

Driven by 

Pneumatic Muscle 

Actuators 

Harald 

Aschemann 

and Dominik 

Schindele 

IEEE 

Transactions On 

Industrial 

Electronics, Vol. 

55, No. 11, 

November 2008 

Introduction- This paper presents a cascaded sliding-mode (SM) control 

scheme for a new pneumatic linear axis which could be seen as alternative 

to an electric direct linear drive.  

Methodology- Its guided carriage is driven by a nonlinear mechanism 

consisting of a rocker with an antagonistic pair of pneumatic muscle 

actuators arranged at both sides. This innovative drive concept allows for 

both an increased workspace of approximately 1 m as well as higher 

carriage velocities of approximately 1.3 m/s as compared to a direct 

actuation. Modeling of the muscle-driven positioning system leads to a 

system of four nonlinear differential equations including polynomial 

approximations of the volume characteristic as well as the force 

characteristic of the pneumatic muscles. The differential flatness of the 

system is exploited in combination with SM techniques to stabilize the 

error dynamics in view of unmodeled dynamics. The internal pressure of 

each pneumatic muscle is controlled by a fast underlying control loop. 

Hence, the control design for the outer control loop can be simplified by 

considering these controlled muscle pressures as ideal control inputs. The 

control design of the outer control loop involves a decoupling of rocker 

angle as well as mean internal pressure of both pneumatic muscles as flat 

outputs. Additionally, model uncertainties in the equation of motion like 

nonlinear friction are directly counteracted by an observer-based 

disturbance compensation which reduces the chattering problem.  

Results & Analysis- Experimental results show an excellent control 

performance that outperforms alternative control approaches in a 

comparison. 

 

Comment: The modeling of this mechatronic system leads to nonlinear 

system equations. 
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the Braided 

Marc Doumit, 

Student Member, 

IEEE, Atef 

Fahim, and 

IEEE 

Transactions On 

Robotics, Vol. 25, 

No. 6, December 

Introduction- Static models of braided pneumatic muscles (BPMs) 

reported in the research literature fairly accurately predict the muscle-

force-carrying capacity. These models, however, rely on experimentally 

determined parameters that are valid only for the specific muscle 
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Pneumatic Muscle Michael Munro 2009 configuration under consideration.  

Methodology- This paper presents a fully analytical BPM static model that 

does not depend on experimentally determined parameters. The proposed 

approach is based on Newtonian mechanics that considers the mechanical 

and the geometrical properties of the muscle. Distinctively, this paper 

includes the muscle end-fixture-diameter effect.  

Results & Analysis- Results from the developed model are compared with 

the experimental ones that have been obtained from prototype BPMs. 

 

Comment: An energy-based model is difficult to use for the mechanical 

design of BPM‘s. 
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Nonlinear PID 

Control to Improve 

the Control 
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of the Pneumatic 
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Manipulator 

Using Neural 

Network 

Kyoung Kwan 

Ahn, 

TU Diep Cong 

Thanh 

Journal of 

Mechanical 

Science and 

Technology, Vol. 

19, No. 1, pp. 

106--115, 2005 

Introduction- A novel actuator system which has achieved increased 

popularity to provide these advantages such as high strength and 

power/weight ratio, low cost, compactness, ease of maintenance, 

cleanliness, readily available, cheap power source, inherent safety and 

mobility assistance to humans performing tasks has been the utilization of 

the pneumatic artificial muscle (PAM) manipulator, in recent times. 

However, the complex nonlinear dynamics of the PAM manipulator makes 

it a challenging and appealing system for modeling and control design. The 

problems with the time variance, compliance, high hysteresis and 

nonlinearity of pneumatic systems have made it difficult to realize precise 

position control with high speed. In order to realize satisfactory control 

performance, the effect of nonlinear factors contained in the PAM 

manipulator must be considered.  

Purpose- The purpose of this study is to improve the control performance 

of the PAM manipulator using a nonlinear PID controller.  

Methodology- Superb mixture of conventional PID controller and the 

neural network, which has powerful capability of learning, adaptation and 

tackling nonlinearity, brings us a novel nonlinear PID controller using 

neural network. This proposed controller is appropriate for a kind of plants 

with nonlinearity uncertainties and disturbances.  

Results & Analysis- The experiments were carried out in practical PAM 

manipulator and the effectiveness of the proposed control algorithm was 
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demonstrated through the experiments, which suggests its superior 

performance and disturbance rejection. 

 

Comment: It has shown that the proposed method had a good 

control performance for the nonlinear system 
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An Ankle-Foot 

Orthosis Powered by 

Artificial Pneumatic 

Muscles 

Daniel P. Ferris, 

Joseph M. 

Czerniecki, 

Blake Hannaford. 

 Introduction- We developed a pneumatically powered orthosis for the 

human ankle joint. The orthosis consisted of a carbon fiber shell, hinge 

joint, and two artificial pneumatic muscles. One artificial pneumatic 

muscle provided plantar flexion torque and the second one provided 

dorsiflexion torque.  

Methodology- Computer software adjusted air pressure in each artificial 

muscle independently so that artificial muscle force was proportional to 

rectified low-pass-filtered electromyography (EMG) amplitude (i.e., 

proportional myoelectric control). Tibialis anterior EMG activated the 

artificial dorsiflexor and soleus EMG activated the artificial plantar flexor. 

We collected joint kinematic and artificial muscle force data as one healthy 

participant walked on a treadmill with the orthosis.  

Results & Analysis- Peak plantar flexor torque provided by the orthosis 

was 70 Nm, and peak dorsiflexor torque provided by the orthosis was 38 

Nm. The orthosis could be useful for basic science studies on human 

locomotion or possibly for gait rehabilitation after neurological injury. 

 

Comment: This was a positive aspect of their orthosis given the focus of 

their research on reflex responses. 
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Pneumatic Artificial 

Muscles: actuators 

for robotics and 

automation 

Frank Daerden, 

Dirk Lefeber 

 Introduction- This article is intended as an introduction to and an 

overview of Pneumatic Artificial Muscles (PAMs). These are pneumatic 

actuators made mainly of a flexible and inflatable membrane.  

Methodology- First, their concept and way of operation are explained. 

Next, the properties of these actuators are given, the most important of 

which are the compliant behavior and extremely low weight. A 

classification and review is following this section. Typical applications are 

dealt with in the last but one section and, finally, some concluding remarks 
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are made. 

 

Comment: PAMs have been around for quite some time now, but these 

actuators have not been widely used to date, which is not easily explained 

for. 
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Introduction- Within braided pneumatic Muscle Actuators (pMA) the 

braid structure is vital to the actuator‘s performance, preventing over-

inflation, converting radial expansion into axial contraction and setting 

limits for both dilation and contraction.  

Purpose- This paper seeks to explore the nature of the contractile limit and 

the hysteresis observed by researchers during the actuation cycle. 

Results & Analysis- Maximum actuator dilation occurs when adjacent 

braid strands are forced against one another. Within this work this is 

analyzed mathematically and it is shown that by halving the number of 

strands used to create the braided shell the actuator‘s contractile range can 

be increased by approximately 7%. This also results in a simultaneous peak 

contractile force increases of over 16%. These results are verified 

experimentally. Hysteresis due to friction between braid strands during 

muscle operation is also explored.  

Methodology- The paper will show how consideration of the deformation 

of the strands allows the contact area and therefore friction to be calculated 

without the need for experimentally obtained data as in previous research. 

A mathematical model is produced and verified experimentally. 

 

Comment:  

 

103 Model-based 

trajectory Control of 

Robots with 

Pneumatic Actuator 

Dynamics 

 

Ryuma Niiyama 

 

 Introduction- Pneumatic actuators have many attributes such as natural 

compliance and high peak power capabilities that make them attractive for 

research in dynamic legged locomotion.                                       

Purpose- Study the effects of nonlinear flow through the pneumatic 

components that limit the bandwidth of actuators, thus restricting their use 

in a high performance control system.                                    

Methodology- A model based control design can overcome these 
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bandwidth limitations.                    

Results & Analysis- In this study, we demonstrate that black-box system 

identification of actuator dynamics can be effectively combined with non-

linear trajectory optimization and stabilization to accomplish dynamic 

tasks on under actuated robots.                                                                                                          

Findings- We present two case studies: an under actuated cart-pole system 

with the cart driven by a pneumatic actuator and a compass gait walking 

robot with pneumatic toes. 

 

Comment:  

 

104 Modeling and 

Identification of 

Pneumatic Actuators 

 

Yuval Tassa, 

Tingfan Wu, 

Javier Movellan, 

Emanuel Todorov 

 

 Introduction- Pneumatic actuators are mechanically simple and robust, 

have good energetic properties due to air compressibility, and are relatively 

cheap.                                                                                                   

Purpose- Despite these advantages they are difficult to control - pressure 

dynamics have typical timescales on the order of 100ms, and this delay can 

severely cripple simplistic control approaches.                                   

Methodology- The solution is to use a model-based controller with a good 

model of pressure dynamics. Here we present a general parametric model 

of these dynamics based on both theoretical analysis and an empirical 

study with a humanoid robot. 

Comment: 

 

     

     

 

 


