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Social touch recognition, a tool which enable robots to understand touch, is an important part of
human—robot interaction cycle which can provide positive psychological benefits to humans. In this field,
social touch usually includes hand-based touch gestures, such as pat and rub, and occasionally simple
hugs. Embrace pose, or a different way of hugging, is also an important part of social touch with valuable
psychological benefits but has not been given much attention in the touch recognition field. Therefore

this dissertation aims to create a new embrace—based social touch recognition system for stuffed—toy robots
to understand and respond to touch happening during different embrace poses. Based on this goal, the social
touch recognition has been proposed to include three main parts: definition of social touch, touch sensing
hardware suitable for soft-stuffed robots and the social touch recognition software capable of recognizing
embrace poses and touch gestures

The first part defines the social touch types for this study. These include embrace poses and touch gestures
defined based on the parent—baby holding interaction.

The second part details the hardware implementation built with comfort as the main consideration for an
affectionate interaction. The touch sensing hardware consisted of 17 fabric capacitive touch sensors for
sensing location and amount of touch and accelerometers for sensing dynamic hand movements. Both sensors
were attached on a soft removable felt touch pad suitable for soft stuffed robot

The last past includes software implementation of social touch recognition method which was further divided
into two separated embrace and touch gestures recognition methods based on the initial observation that
embrace poses and touch gestures could be characterized by different kind of information. Embrace poses
require touch location while touch gestures require dynamic information.

In the embrace recognition method which is the main study of this dissertation, the system applied an
unsupervised k—means clustering on the dimension-reduced equal-weighted locational-based features to
recognize embrace interactions, with implication of the ability to learn embrace patterns in free
interaction. The evaluation results based on ground truths shows that the embrace recognition model built
based on the proposed method can recognize embrace poses from unknown participants with good performance
if given a suitable number of clusters. To find this number, two additional techniques, an unsupervised
class assignment method and model selection guideline were proposed. The guideline select the candidate
models based on the peaks of curvature of the within—cluster distance within the range of the expected
class to twice its number. The class assignment assigned classes to clusters of the candidate models based
on the most common patterns found within the cluster. The candidate model given the most appropriate class
assignment was then selected as the final model. The example application of these two proposed techniques
shows that a model with a good performance could be achieved. In addition, it was found that different
resolution and location of touch sensors could affect the recognition performance, with higher touch
resolution giving higher recognition performance

In the touch gesture recognition system, the initial study found that different touch gestures contain
specific patterns in different frequency period. Based on this, the system applied a random—forest
classifier on intensity-based multi-filtered of accelerometers and dynamic information from touch sensors
to recognize touch gestures. The results show that while the method could obtain approximately good
performance using only touch dynamic information, the best performance could be achieved when using the




dynamic information from both sensors.

In summary, the proposed social touch recognition system based on soft fabric based touch pad and software
implementations of two separated embrace recognition methods were effective for the soft—stuffed robot
and included several advantages. The touch sensing hardware was simple and removable and could be easily
adapted on different stuffed-toy robots. The application of unsupervised approach in embrace pose
recognition and cluster—to—class assignment also helped to facilitate the learning process without the
need for ground truths which usually are ambiguous and time—-consuming to obtain. Additionally, the proposed
model selection guideline could be flexibly applied on different target populations to help to conveniently
select the model. Despite these advantages, there were also limitations. First, the embrace pose
recognition had the problem in differentiating similar touch poses with different robot’ s alignment.
Second, the system still required ground truths for training touch gesture recognition models which made
creating the system partially complicate. Third, the hardware has limited resolution and touch coverage
which partly affected the performance. Future works include the improvement on both software and hardware
and the generation of robot responses to complete the interaction cycle.
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