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Abstract. Motion Capture has been adopted for the production o highly red-
istic movements, as well as for the dinicd analysis of pathologicd motions. In
both cases, a skeleton model hasto beidentified to derive the joint motion. The
opticd techndogy hes gained alarge popuarity due to the high predsion d its
marker position measurements. However, when it comes to building the skele-
ton frames out of the 3D marker pasitions, significant locd skin deformations
may penalizethe quality of the model reconstruction. In this paper we exploit a
locd fitting todl to visuaize the influence of skin deformation on marker
movements. Such a knowledge can in turn improve the layout of opticd mark-
ers. Weiill ustrate our viewpoint on motions of the upper-torso.

1 Introduction

Various motion cgpture techndogies are used for measuring the movement of human
beings either for animating virtual humans or analysing the movement per se (e.g. for
sport performance or clinicd context). Until now, the most succesful techndogy is
opticd motion capture. Thisis due to its high predsion measurement of littl e reflec-
tive markers, attached onsome relevant body landmarks. In a production context, the
movement of an artist is captured with two to eight cdibrated cameras. For simple
motions, the multi ple views of markers al ow the automatic reconstruction d their 3D
pasition. Depending onthe system, a static posture [1] or a spedal cdibration motion
(further referred to as the gym motion) is used to buld or adjust a skeleton model.
The skeleton model helps, in a second plase, to derive the anguar tragjedories of al
the catured motions. In this oond plase, the markers are generally assumed to be
fixed in the mordinate system of abody segment. This assumptionisweégk for abody
region undrgoing large deformations, such as the shouder. In this paper we exploit a
recant tod for the analysis of locd marker displacaments (i.e. with resped to the
underlying bores). Thistodl is designed to provide needed information for the skele-
ton fitting task, by highlighting marker sites that undergo important relative motion



with resped to the underlying bores. It also helpsto eliminate redundant markers and
identify patentialy interesting rew marker locations.

The paper focuses first on the problem of skeleton identificaion for motion cepture.
Then it recdls our locd fitting technique for deriving joint center from relative
marker trajedories. The next sedion ill ustrates how it can be used to ogimize the
marker positioning d the upper-torso region. The mnclusion summarizes the trade-
off sregarding marker positioning and suggests new research diredions.

2 Reéated Work

Identifying the wrred locaion d human joint center from external information is a
difficult problem. The most simple gproac isto scde astandard human skeleton to
the total height of a given person; needlessto say, it requires sme aljustments but it
is aufficient for entertainment appli cations [2]. Within the same frame of mind, exter-
nal anatomic feaures can be deteded and exploited from a static 3D envelop captured
by digital cameras[3]. However, the predsion d these two approachesisvery low.
Other promising techniques emerge from the field of video-based motion analysis [4].
In [5] an arm recorded with a stereo system is being traded by fitting a model built
out of eli psoids to the data. This way, the skeleton fitting is concomitant to the mo-
tiontradking. In the longer term, one shoud be ale to derive ageneric model of the
skin deformation from such data, thus paving the way to much more predse identifi-
caion d the underlying skeleton movements.

Presently opticd and magnetic systems prevail in motion capture & they offer the
best compromise in terms of predsion and owral cost (processng and human inter-
vention). It is a standard working hypdhesis in the literature to assume that the
markers are rigidly linked to the underlying skeleton [6] (it is aso reported for mag-
netic motion capture [7], [8]). However, the rigid body hypthesis causes important
errors in the estimation d the joint kinematics. This was reported in [9] for marker-
based systems or in [2] for magnetic systems. It is difficult to identify a better model
for the locd movement of the markers as it results from the combination o the inter-
related movements of the bores, muscles, fatty tissues and the skin. Proposed solu-
tions in opticd motion capture ae: carefully designing marker clusters [10], consid-
ering ead marker separately [11], or dlowing pertial freedom of motion between the
markers and the assciated bores [12]. This latter work proposes a methoddogy
based onan anatomic human model. The human model encompasses a predse anat-
omic description d the skeleton mohility associated with an approximated envelope.
It has a doule objedive: by ensuring a high predsion mechanicd model for the per-
former, the tradking algorithm can predict the 3D location and the visibility of mark-
ers. This reduces sgnificantly the human intervention in case of marker ocdusion.
The work described in the present article exploits the visuali zaion feaures of alocd
fitting tod for which we recdl the major charaderistics in the next sedion (we refer
thereader to [13] for full detail ).
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Identifying the correct location of human joint center from external information is a
difficult problem.
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However, the precision of these two approaches is very low.
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Fig. 1: Orientation error between a strapped magnetic sensor and the underlying
arm during axial rotation. A dedicaed approach solving for this problem is propased
in [2] for magnetic motion capture

3. Building Local Frames

When looking for the pasition d the bores of a person, afirst observation is that the
relative distance of markers attached to ore limb is almost constant. The biggest de-
viations occur when markers are dtached on parts that suffer maximal deformation
during the movement, as aroundthe joints or on massve muscles (e.g. on the thigh).
Our approach handles this context by decmposing the problem into two tasks: the
partitioning d markers into rigid cliques and the estimation o joint centers. A clique
denotes a set of markers where eath member remains within a distance tolerance wrt
al the other markers of the set. Mastering the partitioning and the joint center estima-
tion alows usto visualizelocd marker trgjedories and thus better understand the skin
deformations

3.1 Partitioning Marker into Rigid Segment Set

In the following, we asume that we exploit a motion cdled the "gym motion*, which
highlights most of the body mohility with simple movements. The @rrespondng file
of 3D marker locaionsistheinpu of the partitioning algorithm.

The partitioning algorithm computes the distances between markers at ead frame of
the gym motion (Fig. 2). It seleds the biggest cliques for a given dstance threshold.
This condtion dfines a rigid segment set. The system may look for the expeded
number of partitions or the user can interadively tune this threshold (Fig. 3). In addi-
tion, we define the attachment weight of a marker to a segment as a normalized
measure of the rigidity of its attachment to that segment. By default, al the atad-
ment weights have avalue of 1.0.
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