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Abstract—Estimating arm kinematics has a lot of relevance for
rehabilitation. MARG sensors are good candidates but there is
a lack of clarity on the choice of the best procedure to initialize
them. This study aims to evaluate two widespread methods. This
contribution surveys a paper recently presented to the BioRob
conference 2012 [1].

I. INTRODUCTION

IN the context of post-stroke rehabilitation, instrumentation
able to estimate upper limbs kinematics has a lot of rele-

vance. Many solutions exist and the systems based on magnetic-
inertial systems, composed of gyroscopes, accelerometers and
magnetometers, seem to be the most versatile [2]–[4].

As this kind of sensors can not be placed on the limb with a
well known orientation, an initialization procedure is mandatory
in order to find their relative orientation to the skeleton. Four
main initialization approaches emerge from the literature [3]–
[5] but there is a lack of justification about the choice of using
an initialization method rather than another. This study aims
at comparing two initialization methods regarding the error on
the estimation of upper limb kinematics taking into account the
quality of execution of the initialization procedure.

II. INITIALIZATION PROCEDURES

Two widespread initialization procedures are implemented:
1) Two single DOF movements are performed sequentially

in order to deduce two functional axes from angular
velocities measured by the gyroscopes of one sensor.
These two axes permit to retrieve the relative orientation
of the second sensor to the skeleton.

2) One axis of the first sensor placed on the chest’s patient
is aligned with the intersection of the frontal and the
transverse plane. Assuming that the trunk is straight or
aligned with gravity, the second axis is estimated by the
accelerometers of the first sensor. These two axes permit
to retrieve the relative orientation of the first sensor to
the skeleton.

The relative orientation of the other sensors are then deduced
from a known reference position of the upper limb joint angles.
Once the relative orientation of the sensors are calculated,
different kinematics data can be computed from the relative
orientations of rigid bodies and particularly the upper limb
angles and the hand position.

III. EXPERIMENTS

The evaluation of the initialization procedures were per-
formed on an artificial arm equipped with absolute encoders
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rather than on a real one in order to evaluate the proper func-
tioning of the algorithms without taking into account the impact
of skin artefacts or the inaccuracy of the arm model used.

Fig. 1. The experimen-
tal setup: an anthropo-
morphic arm equipped
with encoders.

Five trials were performed. For each trial,
four IMU’s were placed on this arm
and the initialization procedures were
performed respecting the procedure as
best as possible first and by introducing
some errors in their execution next. The
initialization procedures were tested for
four activities of daily living : 1. Reach
a glass and drink it several times; 2.
Do perineal care several times; 3. Comb
hair several times; 4. Achieve a triple
extension position from a triple flexion
position.
All initialization procedures were evalu-
ated by the calculation of the Root-Mean-Square-Error on the
joint angles and the hand position estimations. These RMSEs
are presented in Fig. 2.

Fig. 2. Box plot of the RMSEs of the estimation of the upper limb kinematics
(joint angles φi and hand position XYZ).

IV. CONCLUSION

The results have shown that an initialization made through
functional axes is less dependent to strict observance of the ini-
tialization procedure. Given the analysis presented in this work,
it seems clear that an initialization made through functional axes
is the recommended procedures if functional movements can be
done by the patient.
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