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Guest Editorial
Special Section on Robotics for Fourth
Industrial Revolution

HE idea of the fourth industrial revolution, which was
T coined from that of “Industry 4.0” mainly for the manufac-
turing field, was first introduced with great expectations to have
substantial impact on all industrial areas in the future and bring
massive changes in all our lives at the world economy forum
in Davos 2016. The concept of the fourth industrial revolution
has drawn attention throughout the world and many efforts to
define the concept in diverse fields have continued. Generally,
the concept can be summarized as the technology convergence
through hyper-intelligence and hyper-connectivity.

The core technologies providing the thrust of the fourth indus-
trial revolution, especially in the industrial informatics field, are
Internet of Things, robotics, virtual reality, and artificial intelli-
gence. As one of the most critical characteristics of the fourth
industrial revolution technology is that the boundary between
cyber space and physical space becomes unclear, innovations
in industry and business initiate through the fusion of these
two spaces. It is the robotic system that plays the key role as
a physical medium linking cyber and physical spaces and even
changing the physical space through direct interactions. In this
sense, robotic system should be recognized as a crucial platform
in performing tasks in the cyber-physical space.

Acknowledging the fact that much latest advancement with
core robotic technologies are not being recognized widely, while
they have been contributing to the initiation of the fourth in-
dustrial revolution, we Guest Editors have come to a fruition
to introduce some of the noticeable work through this special
section.

A total of 33 papers were submitted, of which eight outstand-
ing papers were selected to be published. The paper topic can
be categorized into two fields: autonomous system and control
and perception and human-robot interaction (HRI).

1) Autonomous Robot System and Control: Four articles, se-
lected for the autonomous system and control field, present the
work related to autonomous unmanned vehicles within vari-
ous environments and the software architecture that controls a
platoon of vehicles.

The first paper in this area is “Designing Dynamic and Collab-
orative Automation and Robotics Software Systems” by Salcic
et al. This paper elaborates upon those challenges and pro-
poses using an approach called service-oriented SystemJ, based
on the system-level programming language SystemJ enhanced
with service-oriented features.

Digital Object Identifier 10.1109/T11.2018.2883564

In the paper “Nonlinear High-Gain Observer-Based Diag-
nosis and Compensation for Actuator and Sensor Faults in a
Quadrotor Unmanned Aerial Vehicle” by Ma et al., the diagno-
sis and compensation method without adding sensors or actu-
ators is proposed for sensor and actuator faults in a quadrotor
unmanned aerial vehicle.

In multiple vehicle coordination, the formation control is
an important issue, and the leader—follower formation is one
of the popular methods. The paper entitled “Leader—Follower
Formation Control of USVs with Prescribed Performance and
Collision Avoidance” by He et al., proposes leader—follower
formation control that can consider the prescribed performance
and collision avoidance in the presence of uncertainties and
disturbances.

In the paper, “Adaptive Motion Planning Based on Vehicle
Characteristics and Regulations for Off-Road UGVs” by Ji et al.,
the authors proposed a random sampling-based motion planning
algorithm of off-road UGVs that finds a smooth path satisfying
roll-pitch angle constraints with careful expansion of random
trees in OctoMap.

2) Perception and HRI: In the field of perception and HRI,
the studies regarding human—machine interaction improvement
using various modalities such as visual, auditory, tactile, and
EMG signals were presented.

In the paper “Restoring Aspect Ratio Distortion of Natural
Images With Convolutional Neural Network™ by Sakura et al.,
the authors developed a robust method to restore aspect ratio
distorted images using the convolutional neural network.

In the paper entitled “Driving Assistant Companion With
Voice Interface Using Long Short-Term Memory Networks” by
Park et al., the authors propose a driving assistant system that
fuses range sensor values from an autonomous vehicle during
driving (in simulation) and trains a long-short term memory
network to predict driving conditions and finally assist a user
via voice feedback. The authors conducted a user study with
16 participants, with which it was shown that the performance
and reliability of the user’s driving training can be enhanced.

In the paper “Development of Vibrotactile Pedestal With
Multiple Actuators and Application of Haptic Illusions for In-
formation Delivery” by Yang et al., the authors developed a
vibrotactile pedestal with multiple actuators, and applied to
smartphones to create a sense of information according to loca-
tion and direction.

In the last paper entitled “Programming by Demonstra-
tion Using the Tele-Impedance Control Scheme: Verification
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by a sEMG-Controlled Ball-Trapping Robot” by Park et al., Joo-Ho LEE, Guest Editor

the authors propose a path and impedance planning method College of Information

for impedance control in a robot based on programming Science and Engineering

by demonstration through telemanipulation using a surface Ritsumeikan University
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Sungchul Kang received the B.Sc. and M.Sc. degrees from the Department of Mechanical Design
and Production Engineering, Seoul National University, Seoul, South Korea, and the Ph.D. degree
in robotics from the same university, in 1989, 1991, and 1998, respectively.

In 2000, he was a Postdoctoral Fellow endowed from Japan—Korea Foundation in Mechanical
Engineering Laboratory, Japan. He is currently a Principal Research Scientist with Robot-Media
Institute, Korea Institute of Science and Technology (KIST), Seoul, South Korea. He is leading
the Center for Medical Robotics and the Center for Korean Lunar Exploration Rover Project. As
a researcher of KIST, he worked on autonomous mobile manipulation as a visiting scholar with
Stanford University, Stanford, CA, USA, in 2007. Based on his robotics discipline in mobility and
manipulation, he is actively researching on small-scale surgical robots, nursing and healthcare
robots and modular manipulators. For another challenge, he is looking into human augmentation
technology by converging Al, robotics and Bio technologies. He has conducted many large-scale
national and industrial research projects in robotics and shown some outstanding achievements.

Dr. Kang received the Champion of Robocup Rescue Robot US-Open Competition (2004) with a teleoperated hazardous-duty
robot called “Robhaz” and transferred its design technology to Yujin Robotics, Inc., in 2005. Due to the Robhaz’s achievements,
he received the Scientist Prize of the Month from the Ministry of Science and Technology of Korea in 2005. He was honored
to serve as an author of Chapter 58, Handbook of Robotics, published by Springer (2008 and 2016). He has actively served in
domestic and international robotics societies such as the IEEE Robotics and Automation Society, the Korea Robotics Society, and
the Robotics Society of Japan.
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Joo-Ho Lee (S’91-M’99) received the B.E. and M.E. degrees from Korea University, Seoul,
South Korea, in 1993 and 1995, respectively, and the Ph.D. degree from the University of Tokyo,
Tokyo, Japan, in 1999, all in electrical engineering.

He is currently a Professor with the Department of Information Science and Engineering,
Ritsumeikan University, Shiga, Japan. From 1999 to 2003, he was a JSPS Postdoctoral Researcher
with the Institute of Industrial Science, University of Tokyo. From 2003 to 2004, he was a
Research Associate with the Tokyo University of Science, Tokyo, Japan. Since 2004, he has
been an Associate Professor with Ritsumeikan University. From 2008 to 2009, he was a visiting
scholar with the Robotics Institute, Carnegie Mellon University, Pittsburgh, PA, USA. In 2017,
he was a Research Professor with the Department of Mechanical Engineering, Korea University,
Seoul, South Korea. His research interests include intelligent environments, intelligent robots,
computer vision, machine learning, and medical/healthcare applications.

Dr. Lee is a Member of the Robotics Society of Japan, the Japan Society of Mechanical
Engineers, the Society of Instrument and Control Engineers of Japan, the HIS, the Institute of Electronics, Information and
Communication Engineers, the Korea Robotics Society, and the Institute of Energy Economics Japan.

Jaeheung Park received the B.S. and M.S. degrees from Seoul National University, Seoul, South
Korea, and the Ph.D. degree from Stanford University, Stanford, CA, USA.

He was with Hansen Medical Inc., Mountain View, CA, USA, a medical robotics company.
Since 2009, he has been a Professor with the Department of Transdisciplinary Studies, Seoul
National University. His research group is currently conducting many national projects on the
topics of humanoid robots, rehabilitation/medical robots, and autonomous vehicles. He was a
team leader of TEAM SNU for DRC Finals 2015 (DARPA Robotics Challenge Finals), which
was a robotics competition for disaster response. His research interests include the areas of robot—
environment interaction, contact force control, robust haptic teleoperation, multi-contact control,
whole-body dynamic control, biomechanics, and medical robotics.

Dr. Park is currently a co-chair of the RAS Technical Committee on Whole-Body Control.

Chung Hyuk Park received the B.S. degree in electrical and computer engineering and the M.S.
degree in electrical engineering and computer science from Seoul National University, Seoul,
South Korea, and the Ph.D. degree in electrical and computer engineering from the Georgia
Institute of Technology, Atlanta, GA, USA.

He was an Assistant Professor in electrical and computer engineering with the School of
Engineering and Computing Sciences, New York Institute of Technology, Old Westbury, NY,
USA, and a Postdoctoral Research Fellow and a member of the Human Automation Systems
Laboratory, Georgia Institute of Technology. He was also with LG Electronics Research Center.
He is currently an Assistant Professor with the Department of Biomedical Engineering, School
of Engineering and Applied Science, George Washington University, Washington, DC, USA.
His research interests include robotics and intelligent systems, assistive robotics, human—robot
interaction, machine learning, computer vision, haptics, virtual reality, and multimodal systems.

Dr. Park is a member of the IEEE Robotics and Automation Society and the Biomedical
Engineering Society. From the outcome of his research and STEM outreach programs, he was recognized by the World Institute
of Disability. He received the LG Electronics Best R&D TDR Award.
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