
Biomechanics from the Big Bang 
to the Cloud 

The Geoffrey Dyson Award and Keynote 
Presentation  

By 

Gideon Ariel, Ph.D. 



It all started with the Big Bang 

 







Newton, Sir Isaac (1642-1727), Albert Einstein 1879 – 1955)  
Two scientists, separated by two hundred and fifty years of time 
and experiences, formulated and explained the laws of nature 

which relate to our modern field of Biomechanics.  The pioneering 
work and creative concepts of seeing natural phenomena of Isaac 
Newton and Albert Einstein have provided us with tools to study 

and understand bodies in motion. 



Newton’s second law of 
motion, was F=ma and with it, 

he created our field of 
Biomechanics.  The fact that 
Force depends on mass and 
acceleration established the 

principles that govern any field 
of Biomechanics 





Although nature commences with 
reason and ends in experience it is 

necessary for us to do the opposite, 
that is to commence with experience 

and from this to proceed to investigate 
the reason 

 



Billions of years after our Earth was formed, humans appeared 
and we began our own creative history. One of the greatest of 

all of our “modern” biomechanicst, was Leonard da Vinci.  
Leonardo lived from 1452 to 1519 and was one of the first 

people to study and integrate the “bio” with the “mechanical”.  





Giovanni Alfonso Borelli (1608-1679) 
More than 100 years after Leonardo, another scholar 

and scientist developed and studied human and 
machine interactions.  Giovanni Alfonso Borelli 

actually calculated forces on the body at different 
gaits and positions of movement. 



Giovanni Alfonso Borelli is often described as the father 
of biomechanics. He was born in Naples in 1608. His De 

Motu Animalium, published in 1680, extended to 
biology the rigorous analytical methods developed by 
Galileo in the field of mechanics. Borelli calculated the 
forces required for equilibrium in various joints of the 

human body well before Newton published The Laws of 
Motion. Borelli was the first to understand that the 

levers of the musculoskeletal system magnify motion 
rather than force, so that muscles must produce much 

larger forces than those resisting the motion.  



No race of any importance will be undertaken without the 
assistance of photography to determine the winner ... in an 
important race the decision of the camera would be preferred to 

that of the judges.- Eadweard Muybridge – (1830-1904) 



Marey. In the late 1800s, Etienne-Jules Marey looked for 
ways to apply the new medium of photography to the new 
science of physiology. He built cameras that could capture a 
rapid sequence of images, then focused them on moving 
people. With his cameras, Marey neatly dissected time and 
space, revealing the dynamic rhythms of the human body in 
motion 





Marey’s photographic skills contributed to the high speed 
photography we employ today. multiple cameras. In 1882, 
Étienne-Jules Marey became the first person to eliminate the 
need for The French inventor did this by capturing motion with 
a photographic gun that initially used a glass plate that rotated 
like a gun barrel to capture the pictures 





Following the development of some of the 
photographic work, one of the first representation of 
human movement at Gait Analysis were Brune and 
Fischer.  





Braune and Fischer were the first one to formulate how to 
extract three dimentional measurement from 
photographs. This method of calculating image 
coordinates was revolutionary at the time.  However, their 
ideas are used today as the bases of the Direct Linear 
Transformation employed in 3D analysis. 



Eadweard James Muybridge1830 –1904)  



Race Horse First Film Ever 1878 Eadweard  

http://www.youtube.com/watch?v=IEqccPhsqgA&feature=topics
http://www.youtube.com/watch?v=IEqccPhsqgA&feature=topics
http://www.youtube.com/watch?v=IEqccPhsqgA&feature=topics


Muybridge was hired by railroad baron Leland Stanford, in 1872, to 
settle a bet that Stanford had made with a fellow horseman 
regarding a horse’s gallop.  The bet was whether the horse had all 
feet in the air at some point during the gallop or not.  

Leland Stanford 







All of these scientists, inventors, photographers, 
and the various technological developments 

bring us to the great sports scientist, Geoffrey 
Dyson 



The International Society 
of Biomechanics for 

Sports was started based 
on Dyson’s personality 
and knowledge.  It was 
Dr. Juris Tserauds who 

was inspired by Dyson to 
start the ISBS 

organization in the early 
80’s 



Perth1999 





Figures from Dyson Book, The Mechanics of Athletics 





The Future Coach 



The Kodak Cine Special running 64 frames per second film 



Taking film in Mexico City–1968 Bob 
Beamon’s World Record 









Change of the Height of CMChange of the Height of CM
last strides of the approach















First Digitizer in the World - 1969 



First Digitizer in the 
World interface to the 
first Time Sharing in the 
World for Biomechanical 
Analysis 



Dr. Ann Penny 1971 



Dr Herbert Hatze, Dyson Keynote Address 
Speaker - 1998 
University of Vienna, Austria 
 





Filtering 







1971 























Munich Olympics 1972 







Contribution of the Pole to the Vault 
 





















Bill, Al and Russ 

Dr. Dardik 















Rocco Petitto running the Biomechanical Lab at Colorado Springs 
          with the Data General Computer the Eclipse S/250 

 











Rear Projection Digitizing 





































THE CASE OF THE LONG JUMP: 



Velocity of the Center of Mass 

Horizontal 
component 

Vertical 
component 

Mike Powell 8.95m - World Record 



Gymnastics Techniques Comparison of Backhand 

Spring & Flic-Flac Using Synchronized Views

Sync View--The synchronization function provides the capability of 

performing a  comparative study of two separate trials or different 

movement techniques in a side – by- side analysis format. 





BIOMECHANICAL APPLICATIONS IN CYBERSPACE 
Gideon B. Ariel and M. Ann Penny 

University of California, Irvine 
Trabuco Canyon, California USA 

INTRODUCTION: The Internet provides access to a 
worldwide collection of information resources and services 
as a window on the ever-expanding world of on-line 
information. The new communication links afforded by 
rapid satellite/computer exchanges will enable the field of 
Biomechanics to advance into a new age of technology, 
resources, research, data base development, as well as 
interaction among scientists. Utilizing the tools available in 
Cyberspace, the Biomechanist can retrieve and display data 
as well as documents from virtually anywhere on the 
planet. 



Software Integration 

• Capturing   Digitizing 

– Locally 

– Net Digitizing 

• Transformation 

• Filtering 

• Kinematic Results Display 

• Kinetic Results Display 

 

Slide 78 

riedldisc0001.avi




Video Capturing System 







Software Integration 

C:/Program Files/Ariel Dynamics/APAS/Displayw.exe














Technological advances have made it possible to
integrate, synchronize, and simultaneously display
video records, kinematic, kinetic, EMG, and force

plate data of human movement

ISUbaseball0002.avi
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Calculating the Velocities of the lower  
limb revealed acceleration and  

deceleration patterns in a unique  
sequence 

Calculating the Velocities of the lower  
limb revealed acceleration and  

deceleration patterns in a unique  
sequence 
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Throwing Kinematics for Top Four Discus 

Performers at 1996 Atlanta Olympics 

Place Performer   Dist
   M

Vel Rel
 Cm/sec

  Proj ang
     deg

Rel Ht  Mov T

1 Riedel (Ger) 69.4 3080.1   21.9 1.5 3.0

2 Dubrovschchik

             (Blr)
66.6 2718.5   29.1 1.8 2.3

3 Kaptyukh (Blr) 65.8 2599.0   37.3 1.6 1.9

4 Washington
            (USA)

65.4 2498.0   29.9 1.2 1.6







Biomechanical Analysis of the Shot-
Put Event at the 2004 Athens 

Olympic Games 

Gideon Ariel, Ann Penny, John Probe, Rudolf Buijs, Erik Simonsen 
Alfred Finch , and Larry Judge 

By 

ISBS 2005 Beijing China 



Capture videos using several cameras simultaneously and save the clips 
directly as AVI files to your hard disk.  This allows you to connect 

multiple digital video cameras to your computer and to start capturing 
with one mouse click. 

 

 

                                             

 

                                                   

                                             

 

                                                                     

                                             

 

                                                   

                                             

 

movie031.avi


belonog-1.avi
Nelson-multi_curves-1.avi






Distances 

Belonog Nelson Olson 



Belonog Nelson Olson 
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Release Height (cm.) 

Belonog Nelson Olson 



Release Angle (deg.) 

Belonog Nelson Olson 



Selected Kinematic Performance Parameters of the Top Three Throwers 
 

Performer Place Distanc

e m 

Release 

Height m 

Shot Velocity 

m*s-1 

Release Angle  

Rad (deg) 

Yuriy 

Belonog 

Gold 

(1) 

21.16 2.55 13.85 .58 (33) 

Adam 

Nelson 

Silver 

(2) 

21.16 2.33 13.95 .58 (33) 

Joachim 

Olsen 

Bronze 

(3) 

21.07 2.31 13.60 .72 (41) 



Belonog – Nelson comparison 





















The Biomechanical Wizard 

 



Biomechanics used to be available to experts in labs only…  



Expert System 
Cloud of Biomechanics 

Smart Phone 

Tablet 

Any internet 
connected device 

But it should really be  
available to all of us… 



Sophisticated, yet simple to use for anyone… 



From any internet-connected device… 

Tablets 

Mobile Phones 

Computers 

Biomechanics  
Expert System 
In the “Cloud” 


