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ABSTRACT

We present an illustrative example of an interactive au-
ditory perception approach performed by a humanoid robot
called NICO, the Neuro Inspired COmpanion [1]. The video
demonstrates a material classification task in the style of a
classic TV game show. NICO and another candidate are sup-
posed to determine the content of small plastic capsules that
are visually indistinguishable. Shaking the capsules produces
audio signals that range from rattling stones, over tinkling
coins to swooshing sand. NICO can perceive and analyze
these sounds to determine the material of the capsule’s
content.

Fig. 1. THE NICO robot actively shaking a yellow plastic capsule to
distinguish the content from the recorded audio

Though presented in an edutainment context, the ability to
distinguish objects and their content by eliciting and classi-
fying audio signals is not only helpful but in fact necessary
for a humanoid companion robot that assists humans in
an unstructured domestic environment. By using interactive
auditory perception [2], a robot can detect if a salt shaker is
empty or the box of biscuits really contains cookies without
opening it for visual inspection.

In an article [3] which we have submitted to this confer-
ence as a regular paper, we describe how a novel recurrent
neural network approach is developed to learn and perform
the auditory classification from recorded sound information.
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The sound is generated by the NICO robot in an interactive
perception process by shaking the yellow, egg-shaped, cap-
sules (see Figure 1). These capsules have been filled with
the ten different materials depicted in Figure 2.

Fig. 2. The yellow egg-shaped capsules contain ten different materials

While shaking the capsules, the NICO robot records a 625
milliseconds chunk of audio with the microphones integrated
into its ears. For our dataset we recorded 1080 of such signal
samples, using 1000 signals to train a neural network and
80 signals to evaluate it. The audio was preprocessed using
Mel Frequency Cepstral Coefficients (MFCC) before passing
it to a recurrent neural network. For the demo, we used
Long Short-Term memory (LSTM) cells but found later that
Gated Recurrent Units (GRU) perform even slightly better,
achieving an overall average classification performance of
91% (see Figure 3).

Fig. 3. Architecture used for the material classification
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