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INTRODUCTION

Historically, sport biomechanic |aboratories have combined research-
based commercia software with in-house programming to meet their
requirements. Non-laboratory-based independent researchers, teachers,
coaches and students have had limited access to suitable and affordable
computer-based tool sfor general movement and sport skill analysis. Recent
developments in multi-media computing, frame grabbing, and video
technology have combined to make powerful desktop computer software
feasible, and the result hasbeen a proliferation of research-based and often
hardware-dependentcomputer toolswhich still leave amgjority of teachers,
students, coaches and independent sport skill analystswith limited resources.
On theother hand, it appearsthat computer software programs, over time,
tend to migrate toward acommon-look, efficient, intuitive product such ad
found in word processing, spreadsheet and databasemanagement. A sharing
of computer analysis approachesin sport biomechanics will undoubtedly
lead to improvements in available software which, in turn, will have a
positiveimpact on research, teaching, and learning.

METHODS

The object, then, was to determine the fundamental componentsfor a
general, portable, two dimensional sport biomechanic computer analysis
program, develop the computer program and then assess its success in
sel ected applications.Specifically, the program would be used for structured
introductory laboratorieswith alargeclassandfor original student projects
inasmaller advanced class. Theorigina projectswould simulate potential
use and application by coaches, teachers and non-laboratory-based
independent researchers.

151



BASIC FRAMEWORK

A basic framework for the analysis program was established and
included:

1. aPC-Windows-basedintuitive, interactiveenvironment

2. ateaching-learningfocus

3. hardware independency

A PC-Windows-based platform was sel ected to ensure the programwould
be accessibleacrossthelargest possibleconstituency. A teaching-learning
focus for the program was important since, although it is intended to
complement and supplement but not replace course and independent study
in biomechanics, it would need to be salf instructive if it wasto be useful
for the intended audience. The requirement for hardware independency
becomes critical, if the program was to achieve true portability. To meet
thisobjectivean AudioVideoIntegrated or AVI format was selectedfor the
source videofiles. Most commercial frame grabbing boards providethis
optionfor captureformat.

PROGRAM COMPONENTS

The next step was to identify and categorize the elements integral to
video-based biomechanical analysis, that would form the structure for a
general purpose computer program.

1. Establishmentof trial parameters
a) collection point identification
b) segment definition with related standardizeddata
C) segment systemidentification
d) relative and absolute angle definition
€) viewing model description
f) trial defined critical points
2. Digitizing of defined point collection with related processing
a) linear scaling
b) aspect ratio
c) tilt correction
d) panning correction
€) movement direction reversal
f) frame by frame, point over frame digitizing
3. Dataenhancement or smoothing
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4. Calculation of kinetic variables
a) absoluteangles
b) relative angles
C) segment centersdf gravity
d) system centers of gravity
e) velocity
f) acceleration
g) segment Kinetic energy
h) system kinetic energy
i) segment momentum
j) system momentum
k) segment moments and forces
1) system support forces
5. Post calculation processing
a) data enhancement or smoothing
b) presentation template (scale, decimals, units)
c¢) normaizing to relevant base
d) digitized coordinatepair correction
€) angle discontinuity corrections
f) applied agebraic operations
6. Figure model display
7. Graphing data
a) variable-timegraphs
b) variable-variablegraphs
8. Hard copy options
a) local text, figure model and graphic output
b) exporting figure models, graphs and video frames

SUPPLEMENTARY PROGRAMMING GUIDELINES

In order to meet theintuitive, interactiveenvironment and the teaching
learning obj ectivesas established in theBasic Framework it was necessary
to establish alimited number of supplementary programming guidelines.

1. Default or pre-defined trial parameters
Each full digitizing and analysi ssession requirestheidentification of
collectionpoints, segment and systemdefinition and other parameters
introduced in the previous section as the Establishment of trial
parameters. For first timeor beginning users, these requirementscan
often be adistractionfrom thelarger analysisobjectives. Similarly,
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it should be unnecessary for knowledgeable usersto reconstruct the
parametersfor each analysis. Thereforean intuitive and interactive
computer program must provide for default or pre-defined trial
parameters. :

2. Execution of pre-constructed macros

Aswith thedevelopment of default and pre-definedtrial parameters,
it is often unnecessary for first time or beginning users to know the
details and conventions for calculating displacements, velocities,
accelerations, energy, etc., even though they may understand and
interpret such data. Likewise, knowledgeable users may have the
need to do repetitive analysesfor a number of subjectsor trias. In
thiscasean intuitiveand interactive computer program must provide
asystemfor the execution of pre-constructed macros.

3. Visua presentation of analysis procedures and results
A magjor requirement of intuitiveand interactiveanalysisisto provide
appropriate visual representation of the proceduresand results. The
range of visual componentscan include:
a) videoframes
b) video frames with digitized figure models
¢) variations of figure modelsdisplayedindependently
d) graph displaysof analysisresults
€) run time coordination of videoframes, figure modelsand
graphs
f) smultaneousdisplay of resultsfor multiplesubjects
g) results of data harmonic analysis and theeffect of data
smoothing

Major objectivesof intuitiveandinteractiveanal ysisinclude presenting
an effectiveteachinglearning experiencefor beginningandfirst time users,
and for knowledgeabl eusers, providing an efficient meansto makinginitial
and exploratory analyses.
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RESULTS

The computer program was created and, in various stages of
development, has been used by approximately 800 students over the past
four years. In the current academic year the computer programformed the
basisfor both structured introductory laboratories and advanced individual
projectsfor classestotalling more than 300 students. At least 100 students
completed their laboratory assignments or individual analyseson "home'
installations.

CONCLUSIONS

Contemporary multimediacomputer technology has brought effective
two-dimensional biomechanical analysistothedesktop. Themainlimiting
factor is the availability and effectiveness of software tools, but it is
inescapabl ethat the teachingand learningin biomechanicswill beinfluenced
by these developments.

In thefuture, sport biomechanic softwarewill migrate to aflexiblebut
common presentation or “look™ and, minimally, stand alone computer
analysis programs will be availablein CD form or from Internet sources.
During this developmental phase, it is important for researchers and
particularly teachers to share and make known the specific requirements
fundamental to successful biomechanical analysis.
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