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Chapter 1 – Introduction 



 



Chapter 2 - State of the Art 

2.1  Background 

2.2 Possible benefits / use cases of pneumatic wearables 

2.2.1  Pneumatics as haptic feedback 





2.2.2 Pneumatics for actuation 





2.2.3 Pneumatics for sensing 

2.3 Preliminary project requirements 
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2.4 Existing systems 

2.4.1 Pneuduino 



2.4.2 LEGO Pneumatics 



2.4.3 Soft Robotics Toolkit 

2.4.4 Programmable-Air 



2.4.5 Haptic Pneumatic Toolkit 

2.4.6 Fischertechnik Pneumatics 



2.4.7 FlowIO Platform 



2.5 State-of-the-Art on Components 

2.6 State of the art conclusion 

 



Chapter 3 - Methods and Techniques 



 



Chapter 4 – Ideation 

4.1 User groups analysis 

 



4.2 Use-case analysis 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

4.3 Stakeholder analysis 



 



Chapter 5 – Specification 

5.1 Main components specification 



5.2 Component requirements 

5.2.1 Pneumatic pump requirements 

5.2.2 Air pressure sensor requirements 

5.2.3 Air reservoir requirements 

5.2.4 Pneumatic valves requirements 



5.3 Shield requirements 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Chapter 6 – Realisation 

6.1 Pressure sensor testing 

6.1.1 Pressure sensors form factor 



6.1.2 Pressure sensors to be evaluated 

 



6.1.3 Interfacing the Honeywell NPBDANN150PAUNV 
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6.1.4 Interfacing the MPS20N0040D 
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0.5 ∗ V𝐶𝐶
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6.1.5 Testing setup 



int sensor1_val = (analogRead(SENSOR1) - 150) * 4.3;   

int sensor2_val = analogRead(SENSOR2);  

6.1.6 Testing results 



6.1.7 Conclusion on pressure sensor choice 

 



6.2 Pneumatic pump testing 

6.2.1 Pneumatic pumps to be evaluated 

 



6.2.2 Testing setup 



6.2.3 Testing results 



6.2.4 Conclusion on pneumatic pump choice 

 



6.3 Valve testing 

6.3.1 Valves to be evaluated 

 



6.3.2 Valve requirements 

𝑃𝑎𝑐𝑡𝑢𝑎𝑡𝑜𝑟 ≥ 𝑃𝑎𝑖𝑟

𝑃𝑎𝑐𝑡𝑢𝑎𝑡𝑜𝑟 ≤ 𝑃𝑟𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟



 

𝑃𝑣𝑎𝑙𝑣𝑒,𝑠𝑡𝑎𝑏𝑙𝑒 > 11 𝑝𝑠𝑖

 

 

6.3.3 Testing setup 



6.3.4 Testing results 



6.3.5 Conclusion on valve choice 

 



6.4  Shield setup configuration specification 

6.4.1 Shield setup configurations 

 



 



 



 



6.4.2 Shield setup configuration evaluation and conclusion 

 



6.5 Experimental setup 

6.5.1 Experimental setup specification 



6.5.2 Experimental setup results 





6.6 The prototype 

 



 



  



6.6.1 Valve manifold 



6.6.2 Pressure sensors 



6.6.3 Valve control 



6.6.4 Pump control 

6.6.5 Arduino Nano 

6.6.6 Power supply 



6.6.7 Air reservoir connection 



6.7 Pressure sensor calibration 
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6.8 Closed loop control 

6.8.1 Pressure closed loop control 

6.8.2 Airflow closed loop control 

6.8.3 Air reservoir calibration 
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6.8.4 Air flow calculation, with air reservoir 

𝑃1 ∗ 𝑉1 = 𝑃2 ∗ 𝑉2

𝑉1 𝑉2

𝑉𝑎𝑐𝑡𝑢𝑎𝑡𝑜𝑟 = 𝑉𝑡𝑜𝑡𝑎𝑙 − 𝑉𝑟𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 =
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𝑉𝑎𝑐𝑡𝑢𝑎𝑡𝑜𝑟 + 𝑉𝑟𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟
− 14.7

6.8.5 Air flow calculation, without reservoir 

𝑉𝑎𝑐𝑡𝑢𝑎𝑡𝑜𝑟 = 𝑡𝑝𝑢𝑚𝑝 𝑜𝑛 ∗ 12.33



6.9 Control 

6.9.1 Dashboard 



6.9.2 Arduino Library 

  



6.10 12-output shield 

6.10.1 MultiValve setup 

6.10.2 MultiValve pneumatic shield prototype 







6.10.3 MultiValve pump 

6.10.4 MultiValve pressure sensor 

6.10.5 MultiValve valves & power 





6.10.6 MultiValve visual feedback 

6.10.7 Multivalve control 





  



Chapter 7 – Evaluation 

7.1 Pneumatic shield technical evaluation 

7.1.1 Valve response time 

7.1.2 Power consumption 



7.1.3 Pressure 

7.1.4 Cost 



7.1.5 Footprint & weight 



7.1.6 Airflow 

7.1.7 Closed loop control 

7.1.7 Noise 

 



7.1.8 Overall performance 

  



7.2 Pneumatic shield user evaluation 

7.2.1 User evaluation procedure 

7.2.2 User evaluation results 



7.2.3 User evaluation conclusion 



7.3 Shield requirements review 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7.4 Multivalve evaluation 

7.4.1 MultiValve technical evaluation 

7.4.1 MultiValve cost 



7.4.3 MultiValve overall performance 



Chapter 8 – Conclusion 

  



Chapter 9 - Future Work 

 



  



Appendix 1 – Pneumatic symbols table 



Appendix 2 – PCB Layout schematic 



Appendix 3 – PCB KiCad schematic 



Appendix 4 – MultiValve PCB KiCad schematic 



Appendix 5 – User evaluation consent form 



Appendix 6 - User evaluation questionnaire results 
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