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Abstract— A robot as a companion or co-worker is not an
emerging concept anymore, but a reality. However, one of the
major barriers to this realization is the seamless interaction
with the robots that includes both explicit and implicit interaction. In this work, we assume a use-case where a human
and a robot together carry a heavy object in a co-habitat
(home or workplace/factory). Two human beings while doing
such a work understands each other without explicit (vocal)
interaction. To realize such behavior, the robot must understand
the fatigue state of the human co-worker to enable seamless
work experience and ensure safety. In this article, we present
DeFatigue, a non-intrusive fatigue state detection mechanism.
We assume that the robot’s hand is equipped with a force
sensor. Based on the change of force from the human side
while carrying the object, DeFatigue is able to determine the
fatigue state without instrumenting the human being with an
additional sensor (internally or externally). Moreover, it detects
the fatigues state on-the-fly (online) as well as it does not require
any (user-specific) training. Based on our experiments with 18
test subjects, fatigue state detection by DeFatigue overlaps with
the ground truth for 85.18% of the cases whereas it deviates
4.09 s (on average) for the remaining cases.

I. I NTRODUCTION
Industrial revolution paved the way for using robots inside
various industry and assembly-line. Though the industrial
robots are becoming smarter in terms of performing more
delicate tasks, their usage is mostly limited where it is
unproductive or unsafe to employ human beings. Nowadays,
we see robots in different roles in our daily surroundings
ranges from tutor, guide, assistant, co-worker, etc. In this
work, we focus on a situation where a robot and a human
work as a co-worker to jointly carry a heavy object from one
place to another. According to a survey by Ray et al. [15],
moving heavy objects is among the top five tasks that people
expect from a household robot. A recent study also showed
that people collaborate best with a proactive robot that can
understand when to help a human [3]. Our goal is to enable
a worker robot to detect localized muscle fatigue of a human
co-worker while jointly carrying a heavy object. This way
the robot can act accordingly as the human co-worker gets
fatigued without explicit (vocal) communication. Also, the
human being herself may not be able to assess the muscle
fatigue state accurately. Thus, implicit fatigue detection will
ensure a safe and seamless interaction between a robot and a
human in a co-working environment be it home, workplace
or industrial setup.
Challenges. The goal of identifying localized muscle fatigue
is to avoid any form of injury by taking proactive action
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Fig. 1: Schematic diagram of DeFatigue.
and provide additional support to the human co-worker if
possible. Since muscle fatigue can happen within a short time
frame and the consequence can be severe, it is required to
identify on-the-go (online). As the time to get fatigue varies
significantly from person-to-person, the detection should be
people agnostic as well. Otherwise, the system needs to
be aware of each individual’s capability and physique. This
involves user-specific training and adaptation. Moreover, the
detection needs to be non-intrusive to be usable in practical
situations like work environment. There exists some effort
that can identify muscle fatigue, but they require the human
subject to wear some sensors [4], [9], [17]. Such a setup is
neither cost effective nor feasible. On the other hand, there
are video-based non-intrusive techniques that can identify
overall fatigue state and mostly utilize the drowsiness of
the subject [12], [18]. However, the applicability of these
techniques to identify localized muscle fatigue is limited.
Approach. In this article, we develop DeFatigue, a nonintrusive mechanism that detects fatigue state of a human
co-worker during the working state without any explicit
interaction. As most of the robotic hands are equipped with
a force sensor(s), DeFatigue leverages on it to identify the
muscle fatigue state. A schematic diagram is shown in Fig. 1.
In a nutshell, it observes the change of force from the human
side, which is reflected in the force sensor at the robot side.
If force change is significant enough, it can be identified as
a change of fatigue state. However, mere force change based
classification can lead to a false positive, i.e., detection of a
fatigue state even if it is a small perturbation or hand tremor.
To avoid these situations, a threshold based approach can
be applied. However, a strict threshold can lead to missdetection, which may lead to an accident. Moreover, the
change of force is highly dependent on the physique of the
person. To overcome all these limitations, DeFatigue uses a
moving window based average force change and compare it
with initially applied force. This provides a generic approach
and mitigates the person-to-person variations.

