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Abstract—With the continuous advancements in science,
technology, and production methods, the digitalization process of
the chemical industry is rapidly progressing. This paper addresses
the limitations of existing hierarchical system structures in
chemical process virtual factory construction, which often result
in lengthy development cycles and limited scalability, failing to
accommodate real-time user needs. Additionally, conventional
virtual factories primarily presented through computer screens
lack immersion and interactivity. To overcome these challenges,
this study proposes a de-layered and de-centralized virtual factory
construction scheme. It integrates projected virtual reality
technology to enhance personnel training and work experience.
This framework empowers users to develop customizable
functional modules, thereby catering to personalized training
requirements.

Keywords—Chemical industry, Virtual factory construction
framework, Personnel training

I. INTRODUCTION

The products produced by the chemical industry are
extensively utilized across various sectors, enhancing people's
lives [1]. With the rapid advancement of science and technology,
the scale and complexity of chemical production processes have
significantly increased. Most substances used in the chemical
industry are flammable, explosive, and toxic [2]. Consequently,
accidents occurring under high-temperature and high-pressure
conditions can lead to irreversible outcomes due to complex
reactions [3]. Human error is identified as the primary cause of
accidents in the chemical industry [4], [S]. In this context, virtual
factories have emerged. By simulating the entire production
process in a computerized virtual environment, these virtual
factories replicate real factory operations to the greatest extent
possible. They provide practitioners with training on operational
procedures and improve their ability to handle processes and
accidents. Additionally, virtual factories serve as an excellent
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educational tool, offering students and new employees a
comprehensive introduction to the factory and enhancing their
understanding of the processes involved.

Virtual factories have evolved into 2D, 3D, and immersive
formats. 2D virtual factories visualize process control systems
and production processes. For example, Ye integrated an
advanced control process within a dynamic simulation
connected to a Distributed Control System [6]. In 2019, Szavuly
developed a continuous distillation process for ethanol-water
mixtures [7]. 3D virtual factories focus on accident simulation
and visualization. Dasgotra modeled oil storage tanks and
simulated temporal changes post-chemical spills [8]. Peng
simulated toxic gas diffusion in a 3D chemical industrial park
scene [9]. Immersive virtual factories leverage the interactivity
and conceptualization capabilities of virtual reality technology,
enabling users to engage in human-computer interactions with
virtual scenarios and receive immediate feedback. Immersion
offers numerous benefits, such as increased engagement [10],
improved motor skills [11], enhanced training efficiency [12],
and deeper memory retention [13]. Manca highlighted the use of
process and accident simulators in virtual environments for
simulating accidents in a toluene hydrodealkylation process.
[14]. Ko integrated dynamic process and accident modeling to
train control room personnel and field operators [15].

Currently, challenges facing virtual factory development
include long cycles, secondary development difficulties, and
lack of standardized frameworks. This paper proposes a
standardized flexible system construction framework and
implementation techniques to realize immersive virtual factories,
aiming to enhance flexibility, reduce development cycles. This
framework facilitates the development of customizable
functional modules in virtual factory environments, enhancing
both immersion and interactivity. Additionally, it simplifies the
construction of standardized model and script databases, which
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