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Introduction 

• Overview of sports shoe 

• Challenges of footwear design and what to measure 

• The use of DIC in shape and deformation measurement 

• Selection of results for single and multiple camera pairs 

• Validation of measurements 

Presenter
Presentation Notes
MethodologyHow my work feeds into adidasEarly stages
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Overview 

• Big sports brands base their business on shoe sales 

• Nike and adidas will sell 10’s of millions of pairs of shoes every year. 

• The most popular shoe type: athletic running shoe. 

• Continuous innovation in shoe design: 

• Materials 

• Motion control 

• Mass 

• Aesthetics/design 

 



4 

Challenges in Shoe Design 

• Shoe’s manufactured using unrepresentative ‘foot’ shapes 

• Shoe last 
• Static foot shapes 

• Understanding of foot-shoe interactions limited (except plantar surface) 

• Influence/dynamic-performance of shoe upper materials unknown 

• Trend (or fad?) developing for ‘barefoot’ running shoes 

Presenter
Presentation Notes
Shoe manufacture generally involves a last.Represents the ‘foot shape’ for manufacture.Original lasts shaped from wood.Modern lasts formed from high density plasticsShoe materials wrapped, moulded or/and fastened around a last.Literally hundreds of different last types as well as grading for sizesShoe lasts unrepresentative of human foot shapeOnly 2 clear dimensions for a last – length and width.Why do two people have the same shoe size? Is this realistic?
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Research Aims 

• Measuring the dynamic deformation of the human foot during running 

• Use knowledge base to improve shoe and foot interactions 

• Improve sports shoe design  
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Measuring Foot Shape 

• 3D foot shape measurements linked to existing static shape measurements 

• Informed by important shoe characteristics 

• Foot shape at rear foot, midfoot and forefoot 

• Cross sections - most useful for 3D shape 

• Supplemented by singular length measurements where appropriate 
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Digital Image Correlation 

• Methodology required to measure the dynamic shape of the human foot 

• 3D Digital Image Correlation (DIC-3D) provides full field surface and deformation measurement 

• Higher resolution achievable than with marker systems or strain gauges 

• High speed camera system - high speed dynamic strain measurements 

• GOM system - potential to integrate sister systems (PONTOS and TRITOP) 

adapted from Sutton at al. (2009) 

Presenter
Presentation Notes
Strain gauges unsuitableDon’t want to be sticking something onto the surface which will cause the surface to change shapeSomething about existing methods
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Using DIC for Foot Deformation Measurement 

Medial 

Plantar 

Heel Lateral 

Dorsal & Lateral 

Presenter
Presentation Notes
Strain gauges unsuitable
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Multiple Camera Approach 

• Multiple camera approach enables single trial measurements 

• Three high speed camera pairs 

• Common co-ordinate system created from force plate markers 

• Composite measurement created 

• Improved accuracy 

• More comprehensive foot shape created 

Cam_Pair_3  
(Angled) 

Cam_Pair_1 
(Medial) 

Cam_Pair_2 
(Lateral) 



10 

Multiple Camera Results 
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Full foot strains 
• Reference - Beginning of support phase of gait (Touch down) 
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Some results 

Presenter
Presentation Notes
The nominal length of the foot breadth at the reference stage was shown to be approximately 96mm. Results how a maximum length increase of nearly 8mm in foot breadth, occurring during midstance. This increase and general shape of the graph In agreement with the known function of the foot’s transverse arch, which flattens to spread the loading during the support phase of gait, causing the foot to increase in width.
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Uses of information 

• First time dynamic foot shape measured at running speeds 

• Study of repeatability of dynamic foot shape 

• Influence of running variables – running speed, style, foot size, surface, midsole, person type etc… 

 

Presenter
Presentation Notes
Current workFurther development of methodology to improve coverageUsage and validation of a tight/sock covering
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The Impact 
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The Impact 

Presenter
Presentation Notes
Strain gauges unsuitable
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Measurement Calibration 
• Applied experimental work to understand the influence of set up and processing parameters on measurement accuracy. 

• Employs simulated deformations embodied in a hard gauge with traceable accuracy 

• Tests variables that are controllable – e.g. position in volume, lens type. 

• Initial results indicate inaccuracy (<2% of measurement) and good repeatability between variables. 

Material Measure 

Compare 

Comparison of  2 different positions Example Result 
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Conclusions 

• Measurement of dynamic foot shape at running speeds 

• Opens up a number of research avenues as yet unexplored 

• Feeds directly into shoe design – through well thought out measurements 

• Has potential to guide future shoe design 

• Accuracies known through a traceable validation 

Presenter
Presentation Notes
Strain gauges unsuitable
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