HAL & > RP L 2023

Symposium

Human-Agent—Interaction-Sympesium2023————————————p35

Towards Stress Sensitive Voice Casting Robot for Cooperative Workspace
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IShibaura Institute of Technology

Abstract: In future, it is expected that human and robots cooperate in workspace, for that, it is important for robots to learn how to
consider human factors, such as stress. To robots cooperate in workspace with humans, we propose the use of voice casting to help the
human to calm down whenever stress is detected during tasks. Stress is often associated with decrease or low heart rate variability (HRV),
there are several methods for estimation, however, suitable method for voice casting robots is not clearly defined. To evaluate methods that
suits better for voice casting robot, an experiment with subjects exposed to stressor test and different estimation methods was conducted.
To help the subject to calm down during the test, the voice casting robot suggested short break for deep breathing.

1. Introduction

The Japanese Government has set out to achieve economic
development and address social issues through Society (5.0), a
human-centric society that employs advanced technologies such
as the Internet of Things (loT), artificial intelligence (Al), and big
data, particularly robotics [1].

Robots are now used to support humans not only in industrial
settings, but also mentally. An expectation for robotics is to
facilitate collaboration between robots and humans; however, it is
essential to consider human mental states, including stress,
cognitive workload, and emotions, especially during work, as
stress can negatively affect work efficiency and quality of life for
workers [2].

Previous studies [4] have found that voice casting has a positive
effect on people's emotions when interacting with robots; however,
issues of individual differences in emotion estimation methods
remain, due to the use of fixed threshold values. Another study [5]
developed a robotic control system that adapts to workers' stress
levels and found that it could make difficult tasks less stressful.
Nevertheless, further research is needed to determine how this
method impacts people's stress levels during human-robot
interaction.

Although studies suggest that voice-casting robots can
positively influence the emotional state of humans during
interaction [3-4], the effectiveness of voice-casting robots in
reducing worker stress during task execution requires further
evaluation.

Hence, this research proposes the implementation of stress
management voice-casting robots that can estimate when the
worker is feeling stressed and attempt to help them to relieve it.
For this, two stress estimation methods based on [4] and [5] have
been implemented on the voice-casting robot and compared
through experimentation. It is expected that voice casting can be
used to relieve stress, and the method used in [5] can solve the
problem of individual differences in the estimation of stress.

2. Proposed Method

To conduct an experiment to test and compare both stress
estimation methods, and the reaction of the subjects by the voice
casting robot, we propose the implementation of the voice casting
robot and stress estimations as follows.
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2.1 Stress sensitive voice casting robot

To test our hypothesis, the method showed in the Fig. 1 was
developed. The workspace is shared between the robot and a
worker wearing a pulse sensor. The heartbeat information is sent
to the robot, so it calculates the pNN50, which a widely used HRV
metric on research about human robot interaction [3-5].
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Fig. 1 Methodology for the voice casting robot

Based on the pNN50, the robot estimates stress of the worker,
and if stress is detected, the robot voice cast to the worker
suggesting him/her to take a few seconds break for deep breathing,
since it is widely used as a reduction of stress method [6].

2.2 Stress estimation based on HRV

Although, what is the most appropriate method for estimation
of stress based on HRV for voice casting robots still needs to be
clarified. For that, two different time-domain methods were
proposed based on previous research [3-5].

In the first one associates stress with the variation of mean pNN50
on a period, if the mean HRV decreases, the person is assumed to
be feeling stressed [5]. The second method associates stress based
on value of pNN5Q, if it is lower than a 0.23 [4], then the person
is assumed to be feeling stressed. Both methods are illustrated by
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Fig. 2 Estimation of stress methods



3. Evaluation

The preliminary experiment was designed to simulate a
situation in which the subject is executing a mentally stressful task
so the intervention of the robot can be evaluated.

3.1 Pre-experiment procedure

The experiment consisted of answering the Paced Auditory
Sequential Addition Test (PASAT), which is consistently used as
cognitive stressor in psychology research [7]. During the test, the
subject is expected to feel mentally stressed a few times.

1. Stay still (rest) for 60 seconds for baseline measurement.

2. Answer PASAT for 3 minutes, without robot interaction

(used to induce stress [7]).

3. Answer questionnaire about own opinion on the test and

robot interaction (if any).

The steps 1, 2 and 3 are executed 3 times. On the first time, the
robot doesn’t interact with the subject. The second time,
estimation of stress by variation of mean HRV was used by the
robot. Lastly, estimation of stress based on threshold value was
used for the robot.

3.2 Comparison of stress estimation methods

The stress estimation methods were compared by analyzing the
mean pNN50 of the subjects during the TEST in the 3 conditions
presented previously, shown in Fig. 3. For subject 1, the estimation
by variation of mean pNN50 had a higher mean value, while for
subject 2, there was not a significant difference in the results. The
method by value of pNN50 presented better results for subjects 3
and 4, who naturally had low pNN50 throughout the experiment.
However, individual differences posed challenges in the results,
highlighting the need for further investigation to address these
issues.
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Fig. 3 Comparison of mean pNN50 of subjects during PASAT
for different conditions

3.3 Deep breath voice casting as stress reduction

Lastly, the effectiveness of suggesting deep breath as voice
casting was analyzed. For that, it was checked for every subject,
the pNN50 that was increased by voice casting. The Fig. 4 shows
an example of pNN50 of the subjects during one of the
experiments. The percentage of voice cast that increased the
pNN50 was 80%.
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Fig. 4 Example of pNN50 of a subject

4. Conclusion

In this paper, it is reported about the works done on the
development and evaluation of robot that manages the stress of
workers while they are executing tasks. The goal is to reduce the
stress of workers during execution of tasks by applying stress
reduction methods on voice casting robots.

Two different stress estimation methods based on HRV were
compared and the evaluation of deep breathing as stress reduction
were performed on a pre-experiment designed to induce stress on
subjects.

Although only 4 subjects participated on the pre-experiment,
which is not enough to come into conclusion, we were able to
identify problems that needs to be solved, such as individual
differences on the HRV of participants and the repetitiveness
suggesting the same stress reduction method.

Finally, for future works we plan to investigate and implement
a stress estimation method based on HRV that can consider
individual differences better by exploring other HRV metrics,
such as mean RR intervals, SDNN and other time-domain metrics.
We also plan to include a bigger variety of stress reduction
methods for voice casting to solve the repetitiveness problem. And
finally, making experiments with a bigger number of subjects, to
be able to statistically evaluate the stress sensitive robot.
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