
Figure 5: Experimental procedure for the system
evaluation.
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Figure 6: Three different repetitions of the exercise,
performed by an exemplary user.

After all feature sets were recorded, we tried to discriminate
the posture classes with Naive Bayes classification. The clas-
sifier was trained and tested with the raw sensor data of the
right Gateway and the acceleration Terminal at the right
wrist. A user-specific accuracy was computed with a 3-fold
cross validation, performed for every repetition of the ex-
ercise. Considering all 37 classes, an average accuracy of
41% was achieved. By looking at the classified postures we
noticed that only neighboring classes (abduction angles) are
confused. When the classification was repeated for angles
of 10◦(19 classes), an average user-specific accuracy of 85%
was achieved. One reason for the low accuracy is the shift of
the garment during the exercise. The user-specific accuracy
is increased from 41% to 61% if the textile is locally fixed on
the forearm. A more important reason is an observed rota-
tion of the forearm during the exercises. Figure 6 shows the
unit vectors for each 3 repetitions, for a randomly chosen
subject. The rotation is indicated by the excursion of the
Y-acceleration.

For a quantization of this effect, we calculated the absolute
difference of the gravity vectors for the exercise’s repetitions.
Figure 7 shows the average orientation difference (error), de-
pending on the arm’s abduction angle (dotted line). The
rotation reaches a maximum of about 20◦ for a flexion of
approx. 105◦ and decreases to 3◦ if the arm points up. This
effect can be explained in two ways. On one hand the sleeve
is shifted, if the arm is raised. It becomes tight fitting and
aligns the acceleration Terminal in a similar way to the body.
On the other hand the influence of the arm’s rotation de-
creases if the arm is raised. In case the arm points up, the
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Figure 7: Average error in the orientation of the
arm during the repetition of the experiment.

gravity vector is orthogonal to the rotation-sensitive Y-axis.

The solid line in Figure 7 depicts the averaged angular devi-
ations, if the Y-axis is masked. Hence, the system’s average
angular accuracy in the poster’s plane is better than 7.5◦.
The classification was repeated without both Y-axes in or-
der to avoid the rotation’s influence. A final user-specific
accuracy of 88% was reached.

4. POSTURE CLASSIFICATION FOR RE-
HABILITATION

We conducted a study to evaluate the SMASH garment plat-
form’s feasibility for movement rehabilitation. Specifically,
we concentrated on postures of the arms, relevant for the
therapy of shoulder and elbow joints. The investigation of
the system’s stable operation and the textile fitting impact
was conducted with healthy users. Here, we present the ex-
perimental procedure and the classification analysis results.

Figure 8: All twelve classified postures.


