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Appendix A: Tracking technology

In this paper, we used Vive trackers (Figure 1) to track the body as
this solution is consumer grade and, therefore, widely available.

Figure 1: Vive Tracker 3.0 is a consumer-grade device whose 3D
localization can be retrieved through SteamVR. Those trackers
are well suited for the gaming experience, for tracking limbs (e.g.,
feet, knees, etc.) or objects to interact with (e.g., tracking a dummy
gun). However, their dimensions prevent them from being placed
on each finger.
Picture sourced and edited from
https://www.vive.com/fr/accessory/tracker3/

The finger tracking was performed using gloves on which Phas-
eSpace LEDs [Pha19] were added (Figure 2) to have a fine level of
motion tracking required for the animation of fingers.

Both systems were calibrated to use a common frame of refer-
ence through an abstraction layer (as illustrated in Figure 3), allow-
ing another tracking system to be used for our animation pipeline.

Appendix B: Users’ Body Calibration

The user calibration process starts with the calibration of the user’s
extremities: the hands (with fingers section B) and feet (section B),
and the head (section B). Then, our pipeline computes the CoR
(Center of Rotation) starting from the effectors and tracks back to-
wards the trunk to calibrate the arms and legs. A second pass in-
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Figure 2: The gloves’ black texture helps to reduce light reflections
from the tracking LED to enhance tracking. Each fingertip has an
LED to track its position in the 3D space. The wooden support pro-
vides a rigid body reference to reduce the LED lateral motion due
to the gloves’ flexibility.

volving self-touches is used to increase the accuracy of joint posi-
tions and to measure limb radius. Finally, the trunk (section B) and
its crude mesh envelope are calibrated.

Hands and Fingers calibration

Calibrating the user’s hand is a task that involves measuring many
parameters, and rather than repeating similar poses several times,
we chose to measure multiple parameters simultaneously. The first
pose consists in placing both hands’ palms in contact with each
other (Figure 4) to calibrate:

• the hands’ reference frame as a regular rigid body tracked using
three LEDs to determine its position and rotation in space

• the hands’ surface plans: Each position from each LED of one
hand is averaged with its opposite position from the other hand,
and those averaged points are used to fit a plane that defines each
hand’s palm surface measured in each hand’s frame.

• fingers radius: Knowing the surface plane in each hand’s frame
and the position of the LED on top of the finger, the finger radius
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Figure 3: The setup involves a mix of Vive Trackers 3.0 with home-
made tracking gloves, therefore mixing tracking solutions.

is computed as half the length between the LED position and its
projection on the hand's palm surface plane.

� �ngers extended position: Local extended �ngertip positions are
stored in the hands' reference frame to be used later as a refer-
ence to compute the angular rotation to apply on each �nger.

The critical information required in the hand structure for its an-
imation is the location of its joints (i.e., the wrist and the �ngers'
proximal root joints). The wrist position is measured by succes-
sively placing the index �ngertip from the opposite hand on top
and below the wrist (Figure 5a) to calibrate its position as the mean
of the two measured positions in the hand's reference frame.

Unlike the method proposed by [Ari18], our approach does not
require precise placement of tracking LEDs on the pinky and index
�nger base joints. However, the counterpart is that those �nger base
joints must be calibrated.

Our initial tests showed that recording extended �nger motion to
calibrate the �nger base joint yielded unrealistic data. Therefore,
a manual calibration method was designed to calibrate the �nger
base's joints precisely.

Once the wrist is calibrated, each �nger's base location is mea-
sured by placing the opposite index on each �nger's base joint. The
joint base location is then computed as the measured LED position
projected on the hand's palm surface, on which the radius of the
�nger is added toward the top of the hand. Digits are then initial-
ized as capsules with a radius corresponding to the measured �nger
radius and placed in the alignment between the joint base position
and the extended �ngertip position (green bones in Figure 5a). As
bones' motion within the hand is relatively small, a simpli�ed rigid

Figure 4: The middle plan that separates both hands is illustrated
in cyan. Its location is computed locally to both hands´ reference
frames (i.e., computed left-hand palm plan and computed right-
hand palm plan) so that each hand model knows where is its contact
surface. This pose also determines the radius of the �ngertips and
the local positions of extended �ngers used in the animation stage
to animate �ngers' kinematic chains.

structure is used to attach the �ngers' base joint (i.e., proximal root)
to the wrist.

The last information to identify about the hand is the crude ap-
proximation of its palm surface. This information is measured as
the projection of the other hand's �ngertip on the palm surface (Fig-
ure 5b).

Feet calibration

Similarly to the hands, feet embed a reference frame: the tracker
attached to each foot, a crude mesh representing the contact surface
under the sole of the foot, and an anchor joint.

The local positions of the contact surface are measured as the
�ngertip's projection to the �oor and then stored in the foot's refer-
ence frame (c.f., Figure 7). The ankle's local position is measured
by placing the �ngertip on both sides of the ankle and averaging
the two positions.

Limb calibration

Once the effectors are calibrated, the next step is to retrieve the
user's skeleton structure by progressing proximally toward the
trunk.

Therefore, the next step is to calibrate the four limbs linking the
effectors to the trunk: the arms and the legs.

Limbs are kinematic chains composed of two bones: one close
to the trunk, which we call the anchored bone, and the other one
chained to it and attached to the effector joint, called here, the in-
termediate bone.
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