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research fields of information technology and computer science, such as building
information modelling (BIM), machine learning and computer vision have attracted
growing attention owing to their useful applications. At the same time,
population-driven underground development has been accelerated with digital
transformation as a strategic imperative. Urban underground infrastructures are
valuable assets and thus demanding effective planning, construction and maintenance.
While enabling greater visibility and reliability into the processes and subsystems of
underground construction, applications of BIM, machine learning and computer
vision in underground construction represent different sets of opportunities and
challenges from their use in above-ground construction. Therefore, this paper aims to
present the state-of-the-art development and future trends of BIM, machine learning,
computer vision and their related technologies in facilitating the digital transition of
tunnelling and underground construction. Section 1 presents the global demand for
adopting these technologies. Section 2 introduces the related terminologies,
standardisations and fundamentals. Section 3 reviews BIM in traditional and
mechanised tunnelling and highlights the importance of integrating 3D geological
modelling and geographic information system (GIS) databases with BIM. Section 4
examines the key applications of machine learning and computer vision at different
stages of underground construction. Section 5 discusses the challenges and
perspectives of existing research on leveraging these emerging technologies for
escalating digitisation, automation and information integration throughout
underground project lifecycle. Section 6 summarises the current state of development,
identified gaps and future directions.
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Abstract:

Virtual reality is a brand-new technology that can be applied extensively. To realize

virtual reality, certain types of human-computer interaction equipment are necessary.

Existing virtual reality technologies often rely on cameras, data gloves, game pads,

and other equipment. These equipment are either bulky, inconvenient to carry and use,

or expensive to popularize. Therefore, the development of a convenient and low-cost

high-precision human-computer interaction device can contribute positively to the

development of virtual reality technology. In this study, a gesture recognition
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wristband that can realize a full keyboard and multicommand input is developed. The
wristband is convenient to wear, low in cost, and does not affect other daily operations
of the hand. This wristband is based on physiological anatomy as well as aided by
active sensor and machine learning technology; it can achieve a maximum accuracy
of 92.6% in recognizing 26 letters. This wristband offers broad application prospects
in the fields of gesture command recognition, assistive devices for the disabled, and
wearable electronics.

Keywords:

gesture recognition; human-computer interaction; machine learning; triboelectric

nanogenerator; virtual reality
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Abstract:

Collective navigation is inspired by natural migratory species traveling long distances

and conserving their group behavior in the whole journey. With the technological

development of autonomous intelligent systems, collective navigation has been an

important application in the field of intelligent vehicles. However, many of the

existing collective behavior approaches rely on communication exchanges between

individuals and focus on the emergence of collective motion, which limits the

application in specific mission scenarios and lacks robustness against interference. To

address these challenges, this article proposes a novel flocking-inspired approach of

collective navigation for aerial vehicle swarms flying synchronously to the desired

region. Firstly, flocking without communication is achieved based on bionic visual

projection field (VPF), ensuring the normal operation of the swarm in

communication-denied unknown environments. Secondly, each aerial entity is

assigned a hidden identity as informed or uninformed, but only the informed agents

are allocated information about the migration destination. Under such an architecture,
18
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the trade-off between informed and uninformed individuals in the group enables
few-to-many control and fast navigation. Finally, simulation and experiments are both
conducted within multiple scenarios, in terms of adaptability to different
environments, swarm scalability, and robustness to vehicle failures. Results validate
the effectiveness of the developed bio-inspired collective navigation algorithm.
Keywords:

Navigation; Behavioral sciences; Visualization; Intelligent vehicles; Biological system
modeling; Birds; Robustness; Aerial vehicle swarm; collective navigation; collective
behaviors; bionic visual projection field (VPF); flocking inspired approach
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Abstract:

We developed a magnetic navigation system (MNS) composed of a magnetic field
control part and a robot arm part to precisely control the position and posture of a
capsule endoscope (CE). The magnetic field control part generates a magnetic field by

controlling the magnetization directions of dual permanent magnets (PMs) using
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motors, and the robot arm part supports and freely moves the magnetic field control
part in three dimensions. First, we calculated the magnetic field generated by the dual
PMs of the MNS by utilizing point-dipole approximation, and the magnetic force
between the PMs of the MNS and the CE. We set up an optimal design problem to
determine the rotational angles of the magnetization direction of the dual PMs of the
MNS to align the CE to the given direction. We validated the proposed optimal design
problem by utilizing finite element analysis. By using the developed MNS and a
commercial CE, we measured the magnetic force acting on the CE and compared it
with the simulated results of the finite element analysis. Finally, we performed a
gastric endoscopy in a mimetic stomach and confirmed that the proposed MNS can
effectively examine the major parts of a stomach.
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