
International Journal of Advances in Science Engineering and Technology, ISSN(p): 2321 –8991, ISSN(e): 2321 –9009 
Volume-6, Issue-4, Oct.-2018, http://iraj.in 

Design of Intelligent Proportional Control Valve System for Linear Pneumatic Actuators 
 

19 

DESIGN OF INTELLIGENT PROPORTIONAL CONTROL VALVE 
SYSTEM FOR LINEAR PNEUMATIC ACTUATORS 

 
PRITISH NAGWADE 

 
Ajeenkya DY Patil University, Pune, Maharashtra, India 

E-mail: pritishnagwade@gmail.com 
 
 
Abstract- In applications where there is a need of flexibility to control the output pressure or flow, proportional control is 
vital. Proportional control valves are used to convert a variable current or voltage signal into a proportional compressed air 
output. Based on the analysis of the work principle and control requirements, the author presents an alternative hardware 
design and structure of the control system and its control strategy. Moreover, its trial-and-error tests on a linear pneumatic 
actuated machine are discussed in detail. The experimental control system has advantages such as simplicity, suitability for 
pre-testing of pneumatic machines requiring proportional compressed air control, flexibility and ease of programming, and is 
cost effective than the traditional method where proportional control valves are used. The pneumatic machine that has been 
used as an experimental base is an upper-torso exoskeleton that uses pneumatic artificial muscles for actuation. The usage of 
development board and through task specific programming approach, successful results were achieved.  
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I. INTRODUCTION 
 
A linear pneumatic actuator mainly consists of a 
piston or a diaphragm which develops the motive 
power. Linear pneumatic actuators generally worked 
on the base of discrete logic. The actuation of linear 
pneumatic actuators was considered ideal only for 
applications where the output was related to two 
kinematic motions – high and low. Pneumatic 
artificial muscles (PAMs) are contractile or 
extensional devices operated by pressurized air filling 
a pneumatic bladder. These pneumatic artificial 
muscles tend to contract when air pressure is applied 
and expands when the pressure is released coming 
back to rest. These pneumatic actuators are of linear 
type and they replicate the motion of human muscles. 
 
PAM’s are used as actuators in exoskeletons as they 
imitate the kinematics of human muscles. These 
wearable exoskeleton machines are a class of 
mechatronic devices to increase human strength and 
not limiting the maneuverability of the human body. 
These machines are also used for assisting humans 
with limited locomotion capabilities for rehabilitation 
purposes. The proportional valve control system is 
generally used for applications where PAM’s are 
used for exoskeleton projects. A proportional valve 
control system is required in order to get the accurate 
pressure and speed of the compressed air to flow in 
the pneumatic system. A discrete valve system i.e. on 
and off solenoid valve, causes sudden actuation of the 
PAM’s. This sudden actuation causes a rapid 
movement in the exoskeleton which may cause 
damage to the subject wearing the exoskeleton. For 
this, the control over the pressure and speed of air 
pressure is necessary. Moreover, using proportional 
control valves increases stability, accuracy and 
precision.  

The alternative design of the control system for pre-
testing pneumatic upper-torso exoskeleton is 
presented. The design and modelling is simplified and 
made cost-effective compared to the traditional 
method, for running trial tests. Since the design is 
used for trial runs, the control system is integrated 
with speech recognition software which makes the 
human-machine interface efficient and simple. 
 
II. MATERIALS 
 
The Arduino Uno is a microcontroller board. It is 
based on the single chip ATmega328 microcontroller 
that is developed by Atmel. It consists of 14 digital 
input and output pins of which 6 can be used as PWM 
outputs. It also has 6 analog inputs, a 16 MHz crystal 
oscillator that gives it a clock speed of 16 Mhz , a 
USB connection, a power jack, an ICSP header that 
acts as a bridge between the arduino board and a 
computer. A reset button is provided on the board. It 
contains all the components needed to support the 
microcontroller; simply connect it to a computer with 
a USB cable for uploading programs, transmitting 
and receiving serial data and een powering it. It can 
also be powered with an AC-to-DC adapter or even a 
battery can get it started.  
 
Servo motors are used in various industry based 
applications, robotics and mechatronic related field. 
The servo has its circuitry built right inside the motor 
unit and it consists of a positional shaft, which is 
fitted with a gear or gear box. The servo motor is 
operated and controlled with an electric signal which 
does the work of determining the amount or angle of 
movement of the shaft. Here, the servos are used to 
control the opening and closing of valves for input 
and output air that goes to the PAMs in the 
Exoskeleton. 
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Human-machine interface (HMI) is a system that is 
capable of handling human-machine interactions 
through a interface. The interface consists of 
hardware and software that converts user inputs to 
specific signals for machines. These machines then 
provide the desired result to the user. Here, the 
Arduino board along with the concerned circuitry is 
connected to a laptop that acts as a power source and 
also as various instructions handler and code runner. 
 
An air compressor converts power into potential 
energy stored in the form of pressurized air (i.e., 
compressed air). This pressurized air is stored in a 
storage tank for further use. By certain methods, an 
air compressor forces air into a storage tank, 
increasing the pressure inside the storage tank. This 
air source is provided to the HEXUPAM for the 
muscles made of Silicon Tubes and Nylon Mesh via 
the storage tank. The air is compressed up to 120 psi 
and then fed as input to the HEXUPAM. 
 
III. SOFTWARE DEVELOPMENT 
 
Jarvis Lite is a fully customizable artificial 
intelligence software inspired by the movie 'The Iron 
Man' which had an adverse effect on the era of voice 
control operations. Jarvis Lite is a simple and 
lightweight software that allows you to set custom 
voice activated commands to control a computer 
system. This software is optimized to function even 
on low specification computer systems. It makes sure 
that the file size stays low while packing a lot of 
functionality into the Jarvis Lite application. The 
software is able to read input from users’ voice 
command and it provides output in form of turning on 
a motor, provide output on LCD, basic functionality 
tools on computer, accessing a file or folder. In our 
project the software is interfaced with the Arduino 
board to carry out the input-output operations via a 
single voice command. The user command provides 
an input to the Jarvis software which is manipulated 
and allows it to run specific function code which 
corresponds to the user command. The code is then 
provided as an input to the Arduino board. The 
Arduino board processes the code and provides 
output in the form of electric signal or motion. 
 
IV. INTEGRATION OF HARDWARE 
 
In this design, two servo motors are used which are 
mounted on two openings of a tee-valve; one controls 
the inlet of the pressurized air into the PAM and other 
one controls the deflating action of the PAM. The 
servo motors have been programmed in such a way 
that they will open the valve by certain degree of 
angle which limits and controls the speed of the 
pressurized air flowing inside the PAM. This design 
is safer than using solenoid valves that would only 
give an on/off action resulting in sudden contraction 
of the pneumatic muscles while the subject wearing 

the exoskeleton is picking up/keeping down a weight; 
which could lead to a hazard. Also, using 
programmable control valves at test-levels is 
unnecessary, complex and expensive. 
 
V. INTERFACE BETWEEN HARDWARE AND 
SOFTWARE 
 
The backbone of the entire exoskeleton is the 
electronics & computers embedded in this pneumatic-
mechanical system. In our model, we have used a 
computer software called JarvisLite. This is a speech 
recognition and responsive software which allows the 
user to give certain commands and get a desired voice 
output or carry out almost any internal computer task 
like opening/terminating a file or press certain 
hotkeys, etc. We have used this software to control 
the working of our exoskeleton by speech commands 
like the rate of flow of air in PAMs and deflating the 
PAMs. For every speech command given by the 
subject, JarvisLite software launches the specific 
Arduino program file and after it opens, on the 
second command, it uploads the command in the 
development board, Arduino. This results in very 
simple, easy-to-understand programming which is 
also simple to debug and carry out editing in it. 
Making changes in the program every time for 
carrying out trial runs becomes less hectic and less of 
a tedious task.  
We have multiple programs in the memory of the 
HMI device for the servo motors. We access these 
programs by certain speech commands with the help 
of JarvisLite and then upload them in Arduino and 
that is how we get to decide the speed of the air flow 
in the PAMs; because each program contains 
different degree of angular rotation for the servo 
which are mechanically coupled to the valves. When 
the angle is small, the air-slow is slow and when the 
angle is large, then the air flow is extremely fast. 
 
VI. FLOW OF OPERATION 

 
Figure 1: Flow chart of operation and control valve 
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VII. BLOCK DIAGRAM OF THE PNEUMATIC 
SYSTEM 
 

 
Figure 2: Block diagram of the complete pneumatic system 

working in synergy 
 

VII. SIMULATIONS AND EXPERIMENTAL 
RESULTS 
 

Table 1 Flow chart of operation and control valve 

 
 

CONCLUSION 
 
Over the years, researchers have used various types 
of actuators in their industrial, robotic and automation 
applications. Hydraulic, electric, magnetic and or 
pneumatic are some of the commonly utilized types, 
with respect to the application's characteristics, 
function and limitations. In our design, we integrated 
our basic knowledge about electronics, mechanics, 
computer systems and kinematics and developed a 
speech-activated-human-exoskeleton, using 
pneumatic artificial muscles and a proportional 
controlled system that is simple and cost effective. 
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