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ISEA 2008, just before the summer olympic games!

What a fantastic opportunity to present a compilation of more than 160 articles talking
about sports engineering, analysing the coefficients of friction between the balls and the
rim and back-board for leather and synthetic basket balls, extracting the aerodynamic
force data during real ski jumping flights, optimizing new prosthesis of the lower human
leg, analysing the golf ball spin rate after impact, analysing the most common injury in
sport climbing using eight fresh dozen cadaver fingers, describing the heat transfer in
footwear using finite elements, measuring the aerodynamic performance of cycling time
trial helmets, etc, …
What a challenge too to be honnest!
A huge diversity of articles, top level contributions to sports engineering.
Today the world is convinced sport is not only fun but economically a sector, a multi
sector, which is not only growing if you only take into acccount the total turn over but
is becoming one of the fast growing business.
Sport is not any more reserved for top sporters who want to maintain a certain level in
some disciplines, it became a new philosophy of life, a new trend, a way to cope with
aging population, with the reality of the society today.

Our every day life is concerned with sport or sport derived products or services, it is in
our shoes, our suits, our car, our bike, at home, when we eat, when we drink, when we
sleep, relax, when we look at TV for international events, when we listen, watch the news,
for fun.The sports engineering community as it was noted two years ago keeps growing.
We have to admit it was a very difficult task to review all the contributions and to come
down to 150 articles; It was very difficult too to allocate reviewers to contributions
because a lot of articles were proposing not only scientific contributions but also engi-
neering solutions and methodologies.
Some groups of articles could have been selected as a basis for a workshop in itself!
In front of such a diversity of contributions we have decided not to group the articles by
families, by themas, by keywords, by branches, by sports, by subjects, by numbers of
contributions but we decided to regroup it in two different volumes without any intro-
duction which we thought would not bring anything to the readers, just proposing the
articles in a natural order creating of course some surprises, but it was a choice!
Of course there is a table listing the articles with their authors and co-authors and the
programme will indicate evey time the article number.
Complex to read? Difficult to apprehend? We thought it would give the best way to
understand the complexity of sports engineering today; An article about football in a
ball section of proceedings, in the shoes section, in the field surface section, in the injury
section, in the training part, in the video group, in the sliding effect paragraph, in the
referee point of view chapter, in the leather section may be, why not the aerodynamics
or the finite elements analysis, may be in the professional sports section or the leisure,
the TV business, the star system, …
So many possibilities, we just did it in the way we were convinced would be the most
open!



What we wanted to do is to provide the readers with the best sports engineering contri-
butions in 2008, before the biggest sports event on earth, the olympic games, in front of
5 billions telespectators who will enjoy the show and for many of them start again spor-
ting, or just start a new sport, realising what they can do, discover a new passion, using
in any case the brain storming of the world of engineering contributors to improve our
every day life.
This is the magic of sport!

Margaret ESTIVALET & Pierre BRISSON

VI The Engineering of Sport 7 - Vol. 1



Contents

Effects of Body Weight on Ski Jumping Performances 
under the New FIS Rules (P3) .............................................................................................. 1

Luca Oggiano, Lars Sætran

Calculated Golf Ball Performance Based on Measured 
Visco-hyperelastic Material Properties (P5) ...................................................... 11

Khairul Ismail, Bill Stronge

Interaction of Flexor Tendons and Pulleys 
in Sport Climbing (P6) ................................................................................................................. 19

Andreas Schweizer, Beat Moor, Hans-Peter Bircher

Friction Between Players’ Hands and Sports Equipment (P7) ..... 27
S.E. Tomlinson, R. Lewis, M.J. Carré

Development of a Comfort Model for Cricket Leg Guards (P9) 35
James Webster, Jonathan Roberts, Roy Jones 

Enabling Technologies for Robust Performance 
Monitoring (P10) ................................................................................................................................. 45

Laura Justham, Sian Slawson, Andrew West, Paul Conway,
Michael Caine, Robert Harrison

An Objective Performance and Quality Comparison 
of Drivers from Different Market Sectors (P11) ............................................ 55

Jeff Brunski, John Rae

Defining Strategies for Novel Snowboard Design (P12) ....................... 65
Aleksandar Subic, Patrick Clifton, Jordi Beneyto-Ferre

Business Process Modelling and its Use Within 
an Elite Training Environment (P15) ........................................................................... 73

Laura Justham, Sian Slawson, Andrew West, Paul Conway,
Michael Caine, Robert Harrison

Accelerometer Profile Recognition of Swimming Strokes (P17). 81
S.E. Slawson, L.M. Justham, A.A. West, P.P. Conway, M.P. Caine, R. Harrison

Evaluation of Start Techniques in Sports Swimming by Dynamics
Simulation (P18).................................................................................................................................... 89

Thomas Härtel, Axel Schleichardt



VIII The Engineering of Sport 7 - Vol. 1

A simulation of outrigger canoe paddling 
Performance (P19) ............................................................................................................................. 97

Nicholas Caplan

The Dynamic Compaction of Cricket Soils for Pitch 
Preparation (P20)................................................................................................................................. 107

Peter Shipton, Iain James

Experimental Validation of a Finite-element Model of
a Tennis Racket String-bed (P21)...................................................................................... 115

Tom Allen, Simon Goodwill, Steve Haake

Experimental Validation of a Tennis Ball Finite-element Model 
for Different Temperatures (P22)..................................................................................... 125

Tom Allen, Simon Goodwill, Steve Haake

Nonlinear Dynamics of a Simplified Skateboard Model (P24) ..... 135
Alexander S. Kuleshov

Cricket Batting Stroke Timing of a Batsman When Facing 
a Bowler and a Bowling Machine (P26)..................................................................... 143

Alex Cork, Laura Justham, Andrew West

Estimation of a Runner’s Speed Based on Chest-belt Integrated
Inertial Sensors (P27) ...................................................................................................................... 151

Rolf Vetter, Emanuel Onillon, Mattia Bertschi

Design and Construction of a Custom-made Lightweight 
Carbon Fibre Wheelchair (P28).......................................................................................... 161

Marc Siebert

Design and Implementation of a Rugby-specific Garment 
Evaluation Trial (P30)..................................................................................................................... 169

Bryan C. Roberts, Gareth Williams, Mike P. Caine

Open Rotator Cuff Surgery in Swiss Elite Rock Climbers (P31) . 177
Hans-Peter Bircher, Christoph Thür, Andreas Schweizer

A Quantitative Analysis Of Beach Casting (P33) ........................................... 183
Benjamin Charles, Darryl P Almond, Aki I T Salo,
Presented by Alan N Bramley

An Assessment of Sensing Technologies to Monitor 
The Collision of a Baseball and Bat (P34)............................................................... 191

Lawrence Fallon, James Sherwood, Michael Donaruma

Correlation Between the Linear Impulse and Golf Ball 
Spin Rate (P35) ........................................................................................................................................ 199

Woo-Jin Roh, Chong-Won Lee



Dynamics-based Force Sensor Using Accelerometers-application 
of Hammer Throw Training Aid- (P37).................................................................... 207

Ken Ohta, Koji Umegaki, Koji Murofushi, Ayako Komine, Chikara Miyaji

Influence of Pedal Foot Position on Muscular Activity during
Ergometer Cycling (P39).............................................................................................................. 215

Stefan Litzenberger, Sandrina Illes, Martin Hren, Martin Reichel, Anton Sabo

Accurate Trajectory and Orientation of a Motorcycle derived from
low-cost Satellite and Inertial Measurement Systems (P42)............. 223

Adrian Waegli, Alain Schorderet, Christophe Prongué, Jan Skaloud

Wireless Impact Measurement for Martial Arts (P43) ............................ 231
J.I. Cowie, J.A. Flint, A.R. Harland

A Comparative Study of Ball Launch Measurement Systems;
Soccer Case Study (P44)................................................................................................................ 239

Jouni Ronkainen, Chris Holmes, Andy Harland, Roy Jones

Testing Protocol for Quantitative Comparison of Top of the 
Range Soccer Boots (P45) ........................................................................................................... 247

Jouni Ronkainen, Dan Toon, Joe Santry, Tom Waller

Development of a Measurement-Prosthesis for a Ski Boot 
Test Bench (P48)..................................................................................................................................... 255

M. Reichel, A. Haumer, H. Schretter, A. Sabo

Development of Multi-platform Instrumented Force Pedals 
for Track Cycling (P49) ................................................................................................................. 263

Jean-Marc Drouet, Yvan Champoux, Sylvain Dorel

In-Situ Measurement of Clipless Cycling Pedal Floating 
Angles (P51) ................................................................................................................................................ 273

Yvan Champoux, Daniel Paré, Jean-Marc Drouet, Denis Rancourt

Correlation Between Treadmill Acceleration, Plantar Pressure,
and Ground Reaction Force During Running (P52) .................................. 281

Alex, J. Y. Lee, Jia-Hao Chou, Ying-Fang Liu, Wei-Hsiu Lin, Tzyy-Yuang Shiang

Development of Immediate Feedback Software for Optimising 
Glide Performance and Time of Initiating 
Post-Glide Actions (P56).............................................................................................................. 291

Roozbeh Naemi, Serdar Aritan, Simon Goodwill, Steve Haake, Ross Sanders

Rod Response Analysis to Fish Bite Based on Multi-link Model 
Solved by Lower Triangularization of Sparse Symmetric 
Coefficient-matrix (57).................................................................................................................. 301

Shigeyuki Yamabe, Hiromitsu Kumamoto, Shingo Nishioka

The Engineering of Sport 7 - Vol. 1 IX



Design and Manufacture of Customised 
Orthotics for Sporting Applications (P62)............................................................ 309

Paul Crabtree, Vimal Dhokia, Martin Ansell, Stephen Newman

Analysis of Snowboard Stiffness and Camber Properties for
Different Riding Styles (P65).................................................................................................. 319

Aleksandar Subic, Patrick Clifton, Jordi Beneyto-Ferre, Arnaud LeFlohic,
Yoshiki Sato, Victor Pichon

The Fluctuating Flight Trajectory of a Non-Spinning Punted Ball 
in Rugby (P67).......................................................................................................................................... 329

Kazuya Seo, Osamu Kobayashi, Masahide Murakami

Aerodynamics of Bicycle Helmets (P68)................................................................... 337
Firoz Alam, Aleksandar Subic, Aliakbar Akbarzadeh

Aerodynamics of Cricket Ball-an Effect of Seams (P70) ....................... 345
Firoz Alam, Roger La Brooy, Aleksandar Subic, Simon Watkins

Numerical Modelling of the Flow Around Rowing 
Oar Blades (P71) .................................................................................................................................... 353

Anna Coppel, Trevor Gardner, Nicholas Caplan, David Hargreaves

The Acute Response to a Garment-based Elastic Thoracic Load,
Applied During Exercise on Inspiratory Muscle Strength and
Pulmonary Function (P72) ....................................................................................................... 363

Ashley R. Gray, Dr Tom M. Waller, Prof Mike P. Caine

Aerodynamic Performance of Cycling Time 
Trial Helmets (P76)............................................................................................................................. 371

Kim B. Blair, Ph.D., Stephanie Sidelko

Physical Motion Analysis of Nordic Walking (P77) .................................... 379
Takayuki Koizumi, Nobutaka Tsujiuchi, Masaki Takeda, Yusuke Murodate

Driving Performance Variability Among Elite Golfers (P79).......... 387
Ian C. Kenny, Eric S. Wallace, Steve R. Otto

Power Measurement in Cycling using inductive Coupling 
of Energy and Data (P80)............................................................................................................ 397

Reinhardt Tielert†, Norbert Wehn, Thomas Jaitner, Roland Volk

Online-Monitoring of Multiple Track Cyclists During 
Training and Competition (P81)....................................................................................... 405

Thomas Kuhn, Thomas Jaitner, Reinhard Gotzhein

A Model Predictive Controller for Sensor-based Training
Optimization of a Cyclist Group (P82) ...................................................................... 413

Ankang Le, Lothar Litz, Thomas Jaitner

X The Engineering of Sport 7 - Vol. 1



A Dynamic Heart Rate Prediction Model for Training 
Optimization in Cycling (P83) ............................................................................................. 425

Ankang Le, Thomas Jaitner, Frank Tobias, Lothar Litz

Stability Training and Measurement System 
for Sportsperson (P84)................................................................................................................... 435

S.N. Omkar, D.K. Ganesh

SRM Torque Analysis of Standing Starts in Track Cycling (P85) 443
Paul Barratt

Aerodynamic Study of Ski Jumping Flight Based on 
High-Speed Video Image (P86)............................................................................................ 449

Masahide Murakami, Nobuyuki Hirai, Kazuya Seo, Yuji Ohgi

The Role of Materials and Construction on Hockey Ball
Performance (P88)............................................................................................................................... 457

Dan Ranga, James Cornish, Martin Strangwood

Shape Optimization of Golf Clubface using Finite Element 
Impact Models (P90)......................................................................................................................... 465

Willem Petersen, John McPhee

An Examination of Cricket Bat Performance (P92) ................................... 475
Lloyd Smith, Harsimranjeet Singh

Forces Applied on Rowing Ergometer Concept2®:
a Kinetic Approach for Development (P94) ......................................................... 483

Nicolas Découfour, Franck Barbier, Philippe Pudlo, Philippe Gorce

JUMPICUS – Computer Simulation in Ski Jumping (P95)................ 491
Heike Hermsdorf, Falk Hildebrand, Norman Hofmann, Sören Müller

Kinematic Response to Variations in Natural Turf During 
Running (P96)........................................................................................................................................... 499

Stiles, V. H., Dixon, S.D., Guisasola, I.N., James, I.T

Finite Element Simulation of Ice Pick Torquing (P97) ........................... 509
Rae S. Gordon, Kathryn L. Franklin

A Sociological Analysis of a Controversy in French Sport Science
Field: How to Manage Teams Specialising in Technological
Innovation (P99).................................................................................................................................... 519

Philippe Terral, Cécile Collinet

Biomechanical Ingredients Measurement: A New Vision-Based
Approach (P102).................................................................................................................................... 529

Mohammad Reza Mohammadi, Hadi Sadoghi Yazdi

The Engineering of Sport 7 - Vol. 1 XI



How Optimal Baseball Swings Change for Three Levels 
of Play (P103) ............................................................................................................................................ 539

Ann Chase, Mont Hubbard, Chris Ray

Graduated Compression Stockings and Delayed Onset Muscle 
Soreness (P105) ....................................................................................................................................... 547

Stéphane Perrey, Aurélien Bringard, Sébastien Racinais, Kostia Puchaux,
Nicolas Belluye

A Study of Knuckling Effect of Soccer Ball (P106)....................................... 555
Takeshi Asai, Kazuya Seo, Yousuke Sakurai, Shinichiro Ito,
Sekiya Koike, Masahide Murakami

Ball and Racket Movements Recorded at the 2006 Wimbledon
Qualifying Tournament (P109) ........................................................................................... 563

Simon B Choppin, Simon Goodwill, Steve Haake, Stuart Miller

Ball Spin Generation at the 2007 Wimbledon Qualifying
Tournament (P110) ............................................................................................................................ 571

John Kelley, Simon Goodwill, Jamie Capel-Davies, Steve Haake

Analysis and Optimization of the Sliding Properties of Luge 
Steel Blades on Ice (P111) ........................................................................................................... 579

Mathieu Fauve, Hansueli Rhyner

Brake Induced Vibration in Mountain Bikes (P112) ................................. 587
Robin C. Redfield

Aerodynamic Optimization and Energy Saving of Cycling 
Postures for International Elite Level Cyclists (P114) ............................. 597

Luca Oggiano, Stig Leirdal, Lars Sætran, Gertjan Ettema

A Comparison of Test Methodologies to Enable the Improved
Understanding of Soccer Boot Traction (P115) ............................................... 605

J.D. Clarke, M.J. Carré, R.F. Kirk

How to Build an Optimized Movement Analysis Laboratory 
for High Performance Athletes of Various Sport 
Disciplines (P116) ................................................................................................................................ 613

Lars Janshen

Analysis of the Wobble of a Spinning Disc at Launch (P117)......... 623
William Rae, Mont Hubbard

A Study of the Influence of the Environmental Condition and 
the Garment in Skin Temperature in Sport Activity (P119) ............ 631

Natividad Martínez, David Rosa, Javier Gámez, Juan Carlos González, Carlos
Chirivella, José María Gutiérrez, Jaime Prat, José Javier Sánchez

XII The Engineering of Sport 7 - Vol. 1



Compression Sleeves Significantly Counteracts Muscular 
Fatigue During Strenuous Arm Exercise (P124)............................................. 641

Thibaud Thedon, Nicolas Belluye, Stéphane Perrey

Development of a New System for Measuring Tennis 
Court Pace (P126) ................................................................................................................................ 649

Simon Goodwill, Steve Haake, James Spurr, Jamie Capel-Davies

A Feedback System for Coordination Training in Double 
Rowing (P127) .......................................................................................................................................... 659

Arnold Baca, Philipp Kornfeind

Modelling the Oblique Impact of Golf Balls (P128)................................... 669
James Cornish, Steve Otto, Martin Strangwood

Modelling and Stability Analysis of a Recumbent Bicycle with
Oscillating Leg Masses (P131) ............................................................................................... 677

Brendan Connors, Mont Hubbard

Computerised Games for Balance Training: A Pilot Study 
on Collegiate Females (P135) ................................................................................................. 687

Jonathan S. Wheat, Ben Heller, Stephanie Lovick

Effects of Turbo-jav Release Conditions on Distance of Javelic
Throw (P136) ............................................................................................................................................. 697

M. Maeda

Differences Between Leather and Sybthetic NBA 
Basketballs (P137)................................................................................................................................ 705

Hiroki Okubo, Mont Hubbard

Subject Index.............................................................................................................................................. 713

The Engineering of Sport 7 - Vol. 1 XIII


