MODELLING OF EYE-HAND MOTIONS IN 3D COORDINATE SYSTEM

R.J. Z. Dangel*, Univ.-Prof. Dr. med. Dipl.-Ing. T. Schmitz-Rode*, Univ.-Prof. Dr. rer. nat. G.
Rau* and PD Dr. rer. nat. C. Disselhorst-Klug*

* AME-Chair of Applied Medical Engineering / Helmholtz Institut / RWTH University
Aachen, Germany

e-mail: dangel@hia.rwth-aachen.de

Abstract: The eyes and hands are continuously in
movement but the quantitative evaluation of the
coordination between these motions is still unclear.
This paper presents a new methodology to explain
how these motions are synchronized in a common
spatial coordinate system providing an accurate
diagnostic tool of motor control disorders. A robot,
an eye-tracker and a movement analysis system were
used to capture the upper extremity and eye
motions. The joint angles were calculated using a
biomechanical model and a global point of gaze was
encountered in relation to the focused object.
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Introduction

A movement is the result of the interaction of at
least three factors: the central nervous system, the body
and the environment. Kinetic and kinematic
informations are being continuously exchanged between
these factors [1]. In natural circumstances, the eyes, the
head and the hands produce motion across multiple
actions and need to remain synchronized in time with
respect to a common spatial coordinate system [2].
Hand movements in relation to visual targets are
controlled mainly through the vision and proprioception
while the target position is determined by the vision.
Evidences show that the central nervous system
generates a motor plan which defines the amplitude and
direction of the movements in relation to a global point
of gaze [3]. The analysis of these evidences could
provide an accurate diagnosis and treatment of many
orthopaedic and neurological disorders. Nowadays, the
available measurement procedures for such actions are
based on constrained movement analysis due to the
higher number of degrees of freedom used
simultaneously by the motions of the eyes, the head and
the hands or only by the intuitive analysis what is
dependent of the physician’s experience.

Therefore, the development of a coordination model
to measure hand, head and eyes movements preciously,
simultaneously and with reproducibility is important
due to the lack of standard protocols and adapted

systems available which could describe the integration
between such actions.

Materials and Methods
A. Kinematic Model

The upper body was divided in ten rigid segments:
the head, the thorax, the clavicles, the upper arms, the
fore arms and the hands. The eyes were also included
(figure 1). No markers were attached to the clavicles
segments due to the large skin movements. Each
segment was defined by three non-collinear reflective
markers mounted on a common surface to avoid inter-
marker movements. Consequently, the position and
orientation of each segment of the kinematic model can
be quantitatively evaluated.

Figure 1: Kinematic model

Each rigid body is connected by ideal ball-socket
joints in the wrist, elbow, shoulder, sternoclavicular and
the neck. These joints posssess three rotational degrees
of freedom which allows to measure the
flexion/extension, the abduction/adduction and the
pronation/supination of the segments.

The subjects were seated around of six infrared
cameras of the movement analysis system - VICON
370. The kinematic analysis requires two calibration
trials: a static to the axis definition and a dynamic to
find the shoulder center. The static measurement uses
skin markers at the medial and lateral epicondyli of the
elbow joint and at the radial and ulnar styloid of the
wrist joint. With these markers it is possible to calculate
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the elbow (c,) and wrist joint (c,) center at the time (¢)
in relation to the segment markers (equations 1 and 2)
(figure 2). Besides, it is necessary that the subjects
maintain during a few seconds the upper arm 90°
flexioned and the fore arm adducted 90° towards the
midline of the thorax with the hand following a straight
line in relation to the elbow. For movement analysis in
dynamic situations the joint markers can be removed.
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Figure 2: Axes definition

In general, the shoulder center is assumed to be 7 cm
inferior to the acromion but this point can de found
through dynamic tests which involves the movement of
the arm around at least two joint axes. So, the position
of the arm is hanging at the side of the body. To
perform the tests, the arm is abducted 90° out of the
starting position, adducted to the middle of the body and
returns along the same path to the starting position. This
cycle must be done at least three times.

Figure 3: Coordinate systems

Figure 3 shows the established coordinate system to
the shoulder using a cost function in relation to the
thorax after the test. Both coordinate systems are
essential to reconstruct the sternoclavicular joint which
connect the humerus to the middle of the thorax. Other
coordinate system in the neck is assumed to be 7 cm
above and dislocated the half of the thorax’s width in
relation to the coordinate system established on the
thorax. So, the head coordinate system rotates in
relation to the neck joint coordinate system with three
rotational degrees of freedom at the same time that the
neck joint is dislocated in x,y, and z axes.

More detailed explanations about the development
of the model can be found in [4] [5] [6].

B. 3D Tracking

A robot with five degrees of freedom was previously
programmed to execute a 3D path using a reflective
marker placed at the end effector as a visual reference.
The subjects were instructed to follow this marker with
the arm and head providing cyclical and reproducible
movements.

C. Eye movements and the point of gaze

The movements of the eyes were analysed using an
Eye-Tracker. This optical device captures the reflected
light from the eyes using small video cameras
positioned on the head. The rotation of each eye was
calculated in terms of changes in the corneal reflexions
including the directions of the pupil center. These
rotations provided non parallel lines of sight when the
angles of the eyes were calculated. Therefore, a global
point of gaze was calculated in relation to the distance
between the subject and the focused object (figure 4).

Figure 4: 3D movements with the robot and an
eye-tracker

The positions to the point of gaze must be
encountered and synchronized in the same 3D
coordinate system where the upper extremity and the
robot motions are done, respectively.
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Results

A subject executed a triangular movement path
following the robot with the hand and the eyes (figure
5).

Figure 5: Triangular movement path

The 3D reconstruction of the subject and the
motions were done using Simulink/SimMechanics in
relation to the proposed biomechanical model. The
reconstruction occurs using anthropometric parameters
of each segment and the coordinate system of the
shoulder. These parameters and the locations of the
coordinate systems to the elbow and wrist allow to
calculate the total length of the arm. The reconstruction
of the head and eyes is based on the coordinate system
of the torso which allows to calculate where is the head
in the space (figure 6).
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Figure 6: 3D Reconstruction

Figure 7 shows the shoulder angles in terms of
flexion/extension, abduction/adduction and pronation/
supination. The analysis of the humerus rotation, degree
of freedom which cannot be evaluated with
conventional physiotherapy techniques, can be
measured with the biomechanical model.
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Figure 7: Shoulder angles

Figures 8 and 9 show, respectively, the 3D motions
positions including the point of gaze and a comparison
between the motions of the robot, pointer and gaze.
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Figure 8: 3D motion positions and point of gaze
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Figure 9: Point of gaze, robot and pointer positions




219 Congresso Brasileiro de Engenharia Biomédica

ISBN: 978-85-60064-13-7

Discussion

The 3D reconstruction of the proposed

biomechanical model allows to simulate the motions
when a subject follows a 3D robot path with the hand.
These motions are directly related with the eye positions
which determine the 3D points of gaze when a visual
target is focused in motion. Such points can be
measured by the inclination of the lines of sight
calculated using the model in Simulink/SimMechanics
and considering the horizontal and vertical angles of
each eye. Therefore, an evaluation between the focused
point and the real position of the visual target allows to
established a motor control to the arm motions.

Conclusion

A methodology as a practical and flexible tool to

analyse details among hand, head and eyes movements

now available. The method to quantify the

coordination between actions of each part of the body is
useful and can provide solutions to the different
problems in biomedical engineering.
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