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FIGURE 5. Safe vs. unsafe classification average error rate (%) per activity class, using 5
different types of features: time-based features, FFT coefficient magnitudes, time-delay
embeddings, wavelet transforms, and all features. The average error rate for each event was
calculated over six folds of cross-validation. In each fold, the training set included five
examples of each activity.

single feature family, but not signi cantly better than with the obtained with any of the features in the second set, but not
FFT features. This may be due to the small size of the trainingsigni cantly better than those obtained within their set. There
set; in general, larger training sets are necessary when trainingas no signi cance between time-delay embeddings and any
classi ers with greater numbers of parameters (features inof the other feature families.

this case). This classi er outperformed all the others on most We end this section by presenting results showing the
activities, though there were a number of activities for whichimpact of the training set size on the Safe/Unsafe classi-
the time-delay embedding features or FFT features performedtation performance. We focus on the FFT family of fea-
better, notably IFCRHrontal collision with a soft object at tures and the AllFeatures set, which performed best in the
high speeil results above. We observe in Fig. 6 that the Safe/Unsafe

Running paired t-tests comparing the misclassi cation classi cation performance improved steadily until the 5 rst

rates obtained with the various feature sets con rmed that wetraining examples, and continued to improve but at a slower
could partition feature families into two sets: {FFT features, rate, up to 15 training examples for FFT features. In the case
All features} vs. {Time-based features, Wavelet features}. of the AllFeatures, improvements continued up to 25 training
Results obtained with any of the feature types in the rst setexamples (the limit of our dataset, preserving a ve example
were signi cantly better (at thgg D 0.05level) than those test) and may improve further with more data. This con rms
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to different users given the very narrow class of events con-
sidered, however this remains to be tested.
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them. The results presented here show that the most robu b
performance was achieved when combining all features, how-
ever nearly as good performance was obtained by using
FFT features alone. (14
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moving forward with the implementation of this technique
onboard regular PWs is to validate the method using naturallé]
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however be assigned through post-processing of the recorded
data, and corroboration through camera data. Furthermore
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from a single user; we expect results to be relatively robust
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