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Abstract

Capturing the motion of a human body utilising computer vision is the focus of this
thesis. Normally the capturing process is carried out by applying a priori knowledge,
in the form of a geometrical model, i.e., applying a model-based approach. Different
configurations of the model is synthesised and compared with the image data. The
configuration most similar to the current image data defines the current state of the
model, i.e., its pose. Each degree of freedom in the geometrical model is represented
by one variable.

When first initialised this provides a very powerful pruning as long as the assump-
tion of "smooth motion” is fulfilled. However, under practical circumstances the
temporally-based pruning often breaks down and requires a complicated reinitialisa-
tion. Hence, alternative or supplementary methods of pruning that are independent
of the temporal context are of interest. The purpose of this thesis is to investigate
possibilities for exploiting spatial information to achieve a similar pruning effect.
The context of the investigation into spatially-based pruning is to capture the 3D
pose of a human arm given one static camera.

The thesis is divided into three parts. In the first part motion capture in general
is described and a comprehensive survey of the relevant literature is presented. In
the second part spatially-based pruning is applied to derive a more compact state-
space representation of the arm by including low-level image features. Concretely
it is shown how the primary degrees-of-freedom (DoF) in the shoulder and arm
can be efficiently modelled by utilising the position of the hand in each individual
image. This model is denoted the local screw axis model. Furthermore, this part
also describes how to reduce the size of the state-space by introducing six spatially-
based constraints. Together, the constraints and the local screw axis model reduces
the size of the state-space significantly. In part three the spatially-based pruning is
implemented in different systems in order to demonstrate its effect. Part three also
shows how to apply Sequential Monte Carlo tracking to make an efficient search in
the pruned state-space.

The primary findings are first of all the local screw axis model which allows the 12
primary DoF in the shoulder and arm to be modelled by just two DoF. Secondly,
the six spatially-based constraints that allow for a pruning of the state-space of
97.3% in average. Both findings suggest that the proposed approach for spatially-
based pruning is a realistic alternative for coping with the problems inherent in
temporally-based pruning.






Resume

Fokus for denne Ph.d.-afhandling er, at registrere bevaegelserne af den menneskelige
krop vha. computer vision. Registreringen foregar normalt ved at benytte a priori
viden i form af en geometrisk model, dvs. en model-baseret tilgang. Forskellige
konfigurationer af modellen sammenlignes med billede data. Den konfiguration der
ligner billede data mest, definerer den nuvarende tilstand for modellen.

Det stgrste problem med en model-baseret tilgang er, at der potentielt kan forekomme
et meget stort antal forskellige konfigurationer. For at imgdega dette problem kan
den temporale kontekst benyttes til at reducere antallet af sandsynlige konfigura-
tioner. Desveerre har denne tilgang nogle uhensigtmaessige konsekvenser, som ggr
at alternative tilgange bor findes.

I denne afthandling foreslaes det, at bruge den spatiale kontekst som et alternativ eller
supplement til den temporale kontekst. Denne mulighed undersgges i sammenhaeng
med registreringen af 3D bevagelsen af en arm givet billeder fra et statisk kamera.

Afhandlingen bestar af tre dele. I den fgrste del beskrives hvordan man kan registrere
bevaegelserne af den menneskelige krop. I den anden del beskrives hvordan den spa-
tiale kontekst kan udnyttes til at lave en mere kompakt repraesentation af armen ved
at inkludere information fra billeder. Konkret vises det hvordan de primaere friheds-
grader i skulderen og armen kan modelleres effektivt udfra kendskab til positionen
af handen i billederne. Denne fremgangsmade benavnes "local screw axis model”.
Ydermere vises det i denne del hvordan antallet af mulige konfigurationer kan re-
duceres ved at udnytte den spatiale kontekst. Seks forskellige metoder pracsenteres.
I den tredje del demonstreres effekten af at benytte den spatiale kontekst. Dette
gares ved at beskrive tre systemer hvori konceptet er benyttet.

De vigtigste resultater i denne athandling er forst og fremmest ”the local screw axis
model” som ggr det muligt, at modellere de 12 primere frihedsgrader i skulderen
og armen vha. blot to parametre. Naestvigtigst er de seks forskellige metoder til
reduktion af antallet af mulige konfigurationer. De muliggr en gennemsnitlig reduk-
tion pa 97.3%. Det konkluderes, at begge resultater viser, at den spatiale kontekst
kan bruges til at undga de uhensigtmaessige konsekvenser som den temporal tilgang
har.
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