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Chapter 1 

Introduction 

1.1 Problem Statement 







1.2 Aims 



Cost:



Reliability:

Effectiveness:

Level of System Autonomy and Intelligence:

Ease-of-use:



Durability:

Comfort:

Adaptability:

Control Methods:



1.3 Thesis Contributions  





1.4 Publications 



1.5 Structure of Thesis 







Chapter 2 

Review of Literature 

2.1 Introduction 







2.2 Disability 

2.2.1 Physiological Information on Spinal Cord Injury 











2.2.2 Disability Statistics 





2.3 Autonomous Mobile Robotic Systems  

2.3.1 Common Artificial Sensors Introduction 

Ultrasonic/Sonar Sensors 





Infrared Sensors 



Laser Rangefinders 



Camera Systems 



2.3.2 Obstacle Avoidance Techniques 

2.3.2.1 Obstacle Avoidance Techniques with Prior Environmental Information 



2.3.2.2 Obstacle Avoidance Techniques in Unknown Environments 







2.3.3 Computational Intelligence 







2.4 Smart Wheelchairs and Shared Control Strategies 

2.4.1 User Interfaces for Wheelchair Control 









2.4.2 Smart Wheelchair Review 



2.4.2.1 Smart Wheelchairs Requiring Prior Environmental Information 









2.4.2.2 Smart Wheelchairs for Navigation in Unknown Environments 



















2.5 Proposed Smart Wheelchair System 

2.5.1 Research Gap 



2.5.2 Stereoscopic Vision 







2.5.3 Spherical Vision 







2.6 Discussion 







Chapter 3 

Adaptive Real-time Vision Mapping System Utilising 

Stereoscopic Cameras 

3.1 Introduction and Aims 





3.2 Instrumentation

Invacare ‘TDX A’ Power Wheelchair



Feature Specification



Bumblebee XB3 Stereoscopic Camera System 



Feature Specification

Overall Stage 1 Prototype Hardware Design 





3.3 Real-time Vision Mapping Strategies 

3.3.1 Stereoscopic Vision Background 

Stereo Image Pre-processing 







Epipolar Geometry 



Disparity and Correlation Matching Approaches 





Matching Algorithm 

Approach

Algorithm



3.3.2 Local Environment Mapping Process 

























3.3.3 Wheelchair Odometry Change Calculations 

Design Method 











3.3.4 Real-time Environment Map Construction 









3.4 Advanced Methods for Optimising Intelligent Vision Mapping 

Performance 

3.4.1 Environmental Lighting Type Categories 

Image Feature Quantisation 







Environmental Lighting Conditions Categories 

Stereo Parameter Value Range



Category 1

Stereo Parameter Value Range



Category 2

Stereo Parameter Value Range



Category 3

Stereo Parameter Value Range



Category 4

Stereo Parameter Value Range



3.4.2 Neural Network Classification for Adaptive Stereo Processing 

Parameter Selection 
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3.4.3 Correction of Wheel Measurement Parameters for Memory Mapping 

Rectification

o
o
o
o
o

o
o
o









3.5 Experimental Results 

3.5.1 Depth Mapping Calculation Accuracies 



3.5.2 Real-time Environment Mapping Results 









Measured Feature Actual Measurement 

(cm)

Memory Map 

Calculation (cm)



3.5.3 Adaptive Stereo Parameter Selection Results 





NN Learning Parameter Final Value Setting











90.25% classification 

accuracy



93.75% classification accuracy





3.5.4 Results for Correction of Wheel Measurement Parameters 











3.6 Discussion and Chapter Conclusion 







Chapter 4 

Utilisation of a Spherical Vision Camera System for 

Real-time Obstacle Detection over a Wide Vision 

Range 

4.1 Introduction and Aims 





4.2 Instrumentation 

Ladybug2 Spherical Vision Camera System 



Feature Specification



Overall Stage 2 Prototype Hardware Design 



4.3 Spherical Vision Image Processing Strategies 







4.3.1 Distortions in Spherical Vision 





4.3.2 Parallax Variances in Sequential Imaging 











4.4 Advanced Methods for Real-time Dynamic Obstacle Detection 

4.4.1 Obstacle Detection using Neural Networks 















4.4.2 Improved Obstacle Detection Method 





















4.5 Performance Results 

4.5.1 Parallax Variance Approach Results 











4.5.2 Performance of Neural Network Obstacle Detection Methods 

4.5.2.1 Performance of Initial Method Design 



NN Learning Parameter Final Value Setting





89.68% classification 

accuracy

4.5.2.2 Performance of Improved Method Design 





NN Learning Parameter Final Value Setting



97.20% classification 

accuracy

98.67%



4.5.3 Real-time Interface Results 

Segment Red Yellow Green Total





4.6 Discussion and Chapter Conclusion 





Chapter 5 

Real-time Operational Performance of a Hands-free Smart 

Wheelchair System using a Unique Camera Configuration 

Biologically Inspired by Equine Vision 

5.1 Introduction and Aims 





5.2 Instrumentation and Final Stage Prototype Design 

5.2.1 Biological Inspiration: Equine Vision System 





5.2.2 TIM Smart Wheelchair Hardware Design and Camera Combination





  







5.3 Software System Design 

5.3.1 Software Architecture 









5.3.2 System Integration with Hands-free Control Technology 



Initial Hands-free Technology Integration Design 





Continuous Hands-free Technology Integration Design 



5.4 Advanced Real-time Obstacle Avoidance System 



Grid representation:

Safety to a single point:



Goal direction creation:



Creation of a vector polar histogram:

Reduction of the polar histogram: 



Selection of a steering direction from candidate directions:



Speed control:



5.5 Experimental Study Protocol 



Experiment Aims: 

Main Test Statements: 

Experimental Methods: 



o
o

o

o

o



o

o

o

o









5.6 Results 

5.6.1 Advanced Real-time Obstacle Avoidance System  





Cluttered University Office Space 





Hospital / Rehabilitation Centre Corridor Environment





Open and Highly-dynamic University Environment 





5.6.2 Experimental Study Results

5.6.2.1 ‘Static Course’ Test Results

Head-movement Controller (HMC) Hands-free Control System 









Brain-computer Interface (BCI) Hands-free Control System 









Overall ‘Static Course’ Results





5.6.2.2 ‘Dynamic Course’ Test Results 

Head-movement Controller (HMC) Hands-free Control System 







Brain-computer Interface (BCI) Hands-free Control System





Overall ‘Dynamic Course’ Results





5.6.2.3 Test Statement Review 



Test Statement H1 Assessment: 



Test Statement H2 Assessment: 

Results



5.6.2.4 Post-study Survey Results 

Survey Details 



Survey Results







5.7 Discussion and Chapter Conclusion







Chapter 6 

Conclusion and Future Work 

6.1 Discussions and Conclusion 











6.2 Future Work 
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Appendices 



Appendix A 

Publications 



























































Appendix B 

C++ Dynamic Link Library Code 

































Appendix C 

LabVIEW Main Program Code Excerpts 















Appendix D 

Experimental Study Results 





Appendix E 

Human Research Ethics Application Documents 
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