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Summary

The thesis presents research on the understanding of human activities in the context of
home companion robots. Global aging results in a shortage of caregivers, and companion
robots can help alleviate the problem. At home, robots can be deployed continuously
and provide daily assistance, keep watch, and relay alarms in case of accidents. All
these require the companion robots to be able to sense, perceive, and understand human
activities.

This thesis explores the use of multiple sensors, including an RGB-D sensor on the robot,
overhead cameras on the ceiling, and small unobtrusive binary sensors that are fixed to the
environment for human activity understanding. To be able to capture the large variations
within each of the action classes, we propose a model that uses a sequence of latent
variables which can be implicitly learned without human annotation. The results show
that these latent variables can successfully capture different ways of performing actions,
and outperform the state-of-the-art by over 5% percentage points in both precision and
recall.

In the research, it turned out that human annotators may disagree, and that the labels
they provide may contain noise. Therefore, we propose a model that incorporates the
uncertainty of labeling, and introduce learning methods that can use the noisy labels for
finding the optimal model parameters. The results show that when noise is present in the
labels, the proposed model performs significantly better (p < 0.05) than the state-of-the-
art.

The above two models both focus on recognizing actions, not activities. But intuitively
actions and activities are tightly coupled, and knowing one of them is useful to infer the
other. Therefore, thirdly, we propose to use a hierarchical model that can encode the
activity labels with different complexity. In this model, the activity and action nodes
are interconnected, which allows the joint estimation of both activity and action labels.
The results show that by using joint modeling of actions and activities, the F-score is
increased by 3 percentage points compared with the state-of-the-art, with an increase of
2.4 percentage points in terms of precision and 3.6 percentage points in terms of recall.
By incorporating the layer of action labels, we can see significant improvement (p <
0.05) in terms of F-score when compared with the single-layered approach on activity
recognition.

As in interaction it is important to not only recognize what the other is doing but also
what they intend to do, in our fourth contribution we propose a novel algorithm that
can predict upcoming actions. This is particularly important when the robot needs to
give pro-active assistance before an actual action is complete. We incorporate a human
kinematic model for estimating the cost of reaching objects, and these costs are used as
features for predicting future actions. The results show an improvement of 3 percentage
points in F-score compared with the state-of-the-art.

Finally, analyzing human activities and actions is quite an expensive process, and it is
often limited by what the robot can sense. It often needs to navigate so that the target
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person is within the range of the RGB-D sensor, sometimes leading to ineffective behav-
ior. In the final chapter, we propose to use overhead cameras for detecting and tracking
persons in the room, which can be used to efficiently approach the person for tasks such
as person identification, activity recognition, and intent prediction. By fusing the data
from the robot sensor and the ambient sensor, the proposed approach performs the tested
tasks three times faster than using only the robot sensors.

In summary, this thesis thoroughly investigated the problem of understanding human
activities, at different levels of granularity and taking into account both the variability
in activities and annotator disagreement. It provides important improvement over the
state of the art, and provides theoretically solid understanding to a very practical prob-
lem.
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