
Chapter 7 

Conclusion and Future directions 
7.1 Conclusion 

The research work presents and demonstrates the controlling and modeling task of the 

pneumatic robot arm in bicep configuration. By employing a set of pneumatic 

muscles it can replace the motions of the human arm. For example, by using two 

muscles in antagonistic configuration it can have rotary motion. In order to consider 

pneumatic robot arm behavior it is required to analyze single muscle behavior at first. 

According to previous research work and practical findings it is identified to behave 

in highly non linear manner. Then with the help of prototype some practical results 

were obtained and compare with the theoretical values. It is observed that the practical 

results and theoretical values are some what closer. Therefore it is fair to assume the 

theoretical approach is correct to a large extent. It is hard to develop all the system 

equations by means of theoretical point of view and more easier and suitable method 

could be developed based on the practical point of view. Finally, two empirical 

equations were derived for muscle pressure and area relationship as well as muscle 

pressure and contraction relationship. By means of theoretical and empirical equations 

the mathematical model and state space model for the system were developed. 

In this study, an inverse based control approach has been successfully applied to 

control pneumatic muscle contraction. To control muscle contraction it is required to 

control the muscle pressure. The basic idea behind the inverse based controlling 

approach is to get desired output, there should be a best input and if it is known in 

terms of previous knowledge then the system can be controlled as intended. That is, to 

have the required muscle contraction profile, there should be best fit muscle pressure 

profile as well. With the help of a prototype, the muscle contraction profile is 

observed for linear pressure variation and it is some what similar in shape of a 

triangular wave. Then for the simulation study I tried to track the triangular wave 

form and it is observed to be successful. 

Even though, this study has been done for single muscle system, these results can be 

generalized even for multi muscles systems without a significant conceptual 

breakthrough. 
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I may have to define a different pressure profile for the secondary and tertiary muscles 

in relation to the other muscles. The mathematical equations for the system were 

highly non linear and it is linearized around specific operating point. It means the 

state space model is valid only for a small range of input. Due to this reason there may 

be some error. But for very small input variation, it can be assumed that the error is 

negligible. Finally the muscle contraction profile was tracked by means of an inverse 

based approach. 

7.2 Suggestions for Future directions 

In this study, the controller was tested onboard a single pneumatic muscle in simple 

lowering and lifting application but not for a real pneumatic robot arm. In the future 

studies, the controller needs to be taken up with a real robot arm in order to study the 

effectiveness of the maneuvers it generates. It is also very important to do the 

experiments with most of the up to date industrial application to be in par with the 

usage in the industry today. Some of the application may require robot arm with high 

degree of freedom. 

As far as other alternative directions are concerned, an inverse based controller would 

give a more effective solution due to its inherent characteristics in finding a relevant 

solution for the problem discussed. To the extent that it concerns autonomous robots 

weight is a very important issue to be addressed. But the pneumatic muscle has a very 

high power to weight as well as power to volume ratios. And the other thing is that 

there are no barriers to obtain human motion by employing pneumatic muscle. 

Therefore this research work could be extended up to an artificial robot with a closer 

operation to human arm. 

All these new research directions will-guide us to find much advanced solutions to the 

problem of human like robots in the future. 
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