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ystems where humans, physical plants, and
cybertechnologies are interconnected to ac-
complish a goal are called cyberphysical hu-
man systems (CPHSs). In CPHSs, humans are
considered integral parts of complex cyber-
physical systems (CPSs) that integrate communication,
computation, control, and networking technologies into
the underlying physical system. This contrasts with con-
ventional wisdom, where humans are considered inde-
pendent entities that are passive and consume, use, or
operate these systems.
The field of CPSs was founded on the substantial prog-
ress made in control, communications, automation, and
computing [1]. Recent research results are pushing the
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boundaries even further by studying ways to incorporate
key cognitive functions such as perception, attention, and
memory into the CPS framework [2] by drawing on ideas
from cognitive neuroscience. As CPSs become more preva-
lent and as societal challenges multiply, the demand for
humans to form stronger connections with CPSs increases.
The interplay between the CPS and the human element is
diverse, intricate, and challenging, requiring a careful,
methodical analysis that forms the underpinnings of
CPHSs [3].

The importance and potential of automation design pro-
cesses that acknowledge humans as integrated parts of
the overall system (rather than as isolated entities) is
being recognized by academia, industry, and govern-
ment. According to a NASA report [4], for example, it is
expected that automation systems that are inadequate in
terms of properly addressing human-technology interac-
tions will become riskier in the near future as mission
requirements become more demanding and missions are
conducted in unfamiliar environments. The risks include
negative impacts to task times, workloads, and operators
as well as increased cost and decreased performance. In
the same report, a “good design” is defined as one where
human integration into the system is well planned,
among other things.

Similarly, in a U.S. Department of Defense report [5], it
is stated that the taxonomy used to define the levels of
autonomy creates a focus on machines, which, in turn,
leads to designs that provide specific functions instead of
providing overall resilient capability. The report suggests
an alternative design for autonomous systems where
human—system collaboration is prioritized. In [6], where a
thorough analysis of the current and future roles of the
system dynamics and control field is provided, the problem
of “optimally conjugating automated systems with the
interplay of humans” is presented as one of the grand chal-
lenges. These examples (and many others not expressed
here) openly manifest an emerging recognition of the value
created by studying the human element and the related
CPS as a single system, namely, a CPHS. The aim of this
special issue is to present an overview of some of the recent
research in CPHSs.

RESEARCH CHALLENGES

There are several important questions that must be
addressed to achieve high-performance, reliable, and low-
cost CPHSs that benefit humanity. Some of these questions
are listed below.

» How would the health, safety, and welfare of humans
be guarded as CPHSs become more complex, capa-
ble, and widespread in society (see [7] for a detailed
discussion)?

» How does one build a CPHS such that the operation
of the system is not hindered by the misuse of auto-
mation due to too much or too little human trust?
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As CPSs hecome more prevalent and as societal challenges multiply, the
demand for humans to form stronger connections with CPSs increases.

» How do we estimate and employ a human’s intent
such that the resulting CPHS performs within cer-
tain safety boundaries?

» How can the limits of human behavior (such as bias,
cognitive fatigue, and computational constraints) be
predicted, modeled, and used in CPHS design?

» How do we share responsibility between the automa-
tion and human decision making in CPHSs?

» How do we develop the appropriate sensors, tools,
and algorithms to measure/estimate human body
movements and emotions? How can one process and
use this information to establish automation systems
for (as an example) medical rehabilitation?

ARTICLES IN THE SPECIAL ISSUE
There are five articles in this special issue addressing dif-
ferent aspects of CPHS challenges:

» “Human-in-the-Loop Robot Control for Human-
Robot Collaboration,” by Dani et al.,, addresses the
challenges of estimating human intent in collabora-
tive tasks to achieve safe trajectory tracking of robots.

» “Behavioral Economics for Human-in-the-Loop Con-
trol Systems Design,” by Protte et al,, investigates the
effects of human behavioral imperfections on the
performance of CPHSs.

» “Shared Control Between Pilots and Autopilots,” by
Eraslan et al.,, proposes solutions for the problem of
responsibility sharing between humans and automa-
tion in the aerospace domain.

» “Human Trust-Based Feedback Control,” by Akash
etal, presents a method to alleviate the consequences
of disuse or misuse of automation when the human’s
trust is not properly managed.
“Inertial-Sensor-Controlled Functional Electrical
Stimulation for Swimming in Paraplegics,” by
Wiesener et al., presents the results of a recent
experimental study on the closed-loop control of
human joint angles and torques for improving
quality of life.
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