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Abstract. Currently, rapid innovations and the integration of artificial intelligence (AI) and
computer technology are significantly transforming smart city planning.Traditional urban
planning faces challenges including static design constraints, difficulty integrating large,
diverse datasets, and limited public engagement. However, innovations in computer
technology and AI can address these issues efficiently, scientifically, and with greater
humanistic considerations. Within this context, this study examines the disruptive impacts of
technological innovation on smart city planning, emphasizing the roles of virtualization
technology, data governance, and human-machine collaboration in reshaping urban planning
paradigms. Taking a representative smart city project as a case study, behavioral data from
vulnerable groups are collected via an intelligent demand perception system to evaluate the
effectiveness of human-machine collaborative technology in enhancing public participation.
Consequently, while computer and human-machine collaborative technologies reconstruct
planning toolchains, it remains essential to enhance the authenticity of public participation.
Future research should prioritize technological ethics and governance innovation to establish
a smart city development approach that integrates scientific rigor with humanistic
inclusivity.
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1.  Introduction

The rapid advancement of computer technologies, such as artificial intelligence, big data, and digital
twins—is driving a profound paradigm shift in smart city planning concepts. Traditional urban
planning methods encounter limitations, such as static modeling, challenges in integrating multi-
source data, and inadequate public participation. In contrast, emerging technologies offer systematic
solutions to these issues. Employing a three-dimensional analytical framework—"technological
empowerment, spatial evolution, and governance innovation"—this paper reviews current
technological approaches for reconstructing urban spatial structures, governance models, and public
engagement mechanisms. The focus includes BIM 5D [1], digital twins, GIS/CIM integration,
knowledge graphs, and integrated human-machine collaboration systems. Through case studies,
dynamic modeling experiments, social network analysis, and Delphi investigations, this paper
assesses the multidimensional impacts of technological innovation on planning efficiency,
governance synergy, and ethical risks. Studies indicate that smart city development must transcend
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the limitations of "instrumental rationality," emphasizing scientific rigor, inclusivity, and
interpretability [2]. Thus, the future of smart cities depends not only on advanced computer
technologies but also on effectively integrating spatial design with ethical frameworks and
meaningful human participation. Consequently, establishing an interdisciplinary governance
mechanism is recommended to facilitate the coordinated evolution of technical standards, spatial
policies, and ethical norms, thereby fostering future cities characterized by greater humanistic care
and social resilience.

2.  Reconstruction and upgrading of the urban planning tool chain system 

2.1.  Construction of a new generation toolchain 

China's "Smart Construction Site + BIM" system has emerged relatively late. Currently, traditional
large-scale urban planning projects primarily utilize two-dimensional (2D) data images for process
management. However, these images cannot intuitively reflect existing issues or real-time project
progress, consequently affecting the overall efficiency of management and problem-solving in urban
planning. With advancements in BIM technology, BIM5D has introduced practice and cost
dimensions on top of the existing 3D BIM. BIM5D technology innovations significantly enhance
supervision efficiency, mitigate issues, such as information loss and poor communication, and
substantially reduce supervision costs. According to the China Construction Industry BIM
Application Analysis Report (2023), over 86% of general contracting enterprises in construction
develop their own BIM models. Among those enterprises utilizing BIM technology for over three
years, 60.84% have continually increased investment annually, while 20.51% maintain steady
annual investment [3].

According to the survey, approximately 37% of construction enterprises currently use BIM
technology, while around 42% have previously applied it. Therefore, genuinely popularizing BIM5D
technology in major municipal planning projects and comprehensively reconstructing urban
planning toolchains, rather than merely promoting them superficially, has become imperative. As
BIM technology rapidly advances, complementary developments in Geographic Information System
(GIS) technology continue apace. Integrating BIM and GIS data into a unified database is critical to
fundamentally enhancing decision-making and data management efficiency in planning projects [4].
The advantage of GIS lies in providing and integrating large-scale macro geographic information
data, such as analyzing various geographic data information in urban planning, disaster prediction
and environmental detection. Conversely, BIM excels in processing refined micro-scale information
within buildings or construction sites. Therefore, it is an important step to solve the coordination
problem between the two in planning projects to promote the reconstruction of the planning tool
chain system. Several studies have proposed methods for integrating GIS and BIM data [5].
Collaboration between BIM and GIS typically involves Industry Foundation Classes (IFC) or
proprietary data formats alongside the 3D Tiles standard, aiming for seamless integration and
efficient use of data through standardized conversion processes. Research and development efforts
focus on efficient IFC or proprietary-to-3D Tiles conversion tools and algorithms, ensuring data
integrity and consistency throughout the conversion process. During the transformation process, key
issues include precise representation of geometric information, structured storage of attribute data,
and optimization of data structures.Smart cities are progressively digitizing urban basic information
and optimizing operational and management efficiency through various advanced computational
techniques. However, extensive digitalization has resulted in complex and diverse urban digital
information. Additionally, due to a lack of technical standardization across various software and
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technologies, there are significant differences in the types and accuracy of generated data. Thus,
unifying and integrating multi-source, heterogeneous, and massive data in smart cities is an urgent
issue requiring attention. Several studies have proposed methods for processing multi-source
heterogeneous data in smart cities using knowledge graph technology [6].

The specific methods are as follows: (1) First, data preprocessing is performed by eliminating
characteristic differences in preliminary cleaned redundant data using Z-score standardization.
Subsequently, field identifiers from different data sources are unified to ensure semantic consistency.
(2) Second, a knowledge graph is constructed by identifying entities (e.g., traffic and environmental
monitoring data) from text and establishing semantic associations using relationship extraction
models. These entity relationships are then stored in graph structures to resolve entity heterogeneity.
(3) Third, data fusion is achieved by calculating the semantic similarity between entities using the
knowledge graph. Similarities guide the matching of entities from various sources, selecting optimal
entities, merging redundant data, and dynamically aligning data schemas to ensure consistency. By
addressing multi-source heterogeneous data via knowledge graphs, data redundancy is reduced to
less than 2% across numerous areas, including transportation, environment, public transit, public
safety, business activities, and social media. However, this proposed method still faces challenges,
including the need for more intelligent mapping techniques to improve matching accuracy, as well
as privacy protection measures to safeguard sensitive information potentially exposed during data
fusion. The development of deep learning capabilities may enhance data fusion accuracy,
standardize and generalize knowledge graphs, and expand their applications beyond smart city data
management to broader urban humanities fields.

2.2.  Digital twin and spatial simulation 

Digital twin technology employs digital methods to create virtual models that accurately correspond
to their physical counterparts. It enables full-cycle monitoring and optimization of physical entities
through real-time, efficient data interaction. Leveraging this capability, digital twin technology
significantly benefits smart city development. Smart city construction is a long-term and complex
systems engineering project. Digital twins can notably enhance smart city engineering by virtue of
timely data interaction, efficient operational interactions, and flexible technological scalability. The
traditional concept of geospace focuses primarily on physical and human spaces; however,
advancements in digital technology and information networks have expanded spatial dimensions
from purely physical areas to digital dimensions [7]. Driven by digital twin technology, digital,
geographical, and human dimensions closely intertwine, forming a three-dimensional digital twin
city. In a digital twin city, the geographical dimension describes environmental and physical states,
the human dimension analyzes urban functions and social behaviors, and the digital dimension
enables real-time, bidirectional virtual-real interaction through data integration and algorithmic
modeling. These three dimensions mutually map onto each other, ensuring accurate digital twin
simulations, supporting intelligent optimization, continuous evolution of digital cities, and
facilitating comprehensive collaborative representation within this ternary space (see Figure 1).
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Figure 1. Physical model of digital twin city [7]

Thus, digital twin cities effectively reflect geographical, humanistic, and informational spaces of
real physical cities. In this ternary space, the full spectrum of a smart city's information is
comprehensively represented. However, conventional scanning methods for visualizing digital twin
cities often capture only exterior surfaces within this ternary space. Due to differences in materials
and geometric models, these methods are generally unsuitable for visualizing interior spaces,
underground pipelines, and subsurface infrastructure. To address this technical challenge, recent
research has achieved breakthroughs by developing multi-level, multi-type collaborative index
structures and hierarchical filtering mechanisms for fast and accurate querying. Specifically, the
multi-level, multi-type hybrid 3D spatial indexing method employs a quadtree grid as the primary
index to rapidly locate local 3D model objects. Subsequently, improved R-tree and K-D tree
structures serve as secondary indices to accurately retrieve both above-ground and underground
targets while considering their Level of Detail (LOD) characteristics. A structurally balanced 3D R-
tree expansion method is applied to above- and below-ground building models characterized by
discrete distributions, varying geometries, and multiple levels of detail. By incorporating Level of
Detail (LOD) models, intermediate nodes simultaneously support both target querying and detail-
level selection. A global node selection algorithm combining bottom-up and top-down strategies
ensures uniform node sizes, regular geometries, and reduced spatial overlap. To accommodate the
hierarchical continuity, irregular morphology, complex topology, and rich attribute sets of geological
models, a topology-aware 3D spatial indexing method is employed to enhance data query and
retrieval efficiency [7].

A digital twin city platform functions as a centralized data hub, storing massive amounts of multi-
source, heterogeneous data from smart city systems. Based on this foundation, processes, such as
filtering, computation, association, sharing, and integration of heterogeneous multi-source data, can
be effectively implemented. These processes form a critical component of the future development of
smart cities. Once this extensive technological framework is fully developed, it will enable greater
public participation in urban development through diverse visualization methods. Currently,
Shenzhen, China, is actively developing a digital twin city, and the technologies discussed in this
article serve as valuable references for constructing its digital twin platform.
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3.  Human-machine collaboration technologies 

Throughout history, across all eras and societies, vulnerable groups have consistently required
attention and should never be overlooked. Vulnerable groups can be defined from various
perspectives, including physiological, cultural, and institutional dimensions. From the perspective of
urban planning, vulnerable groups are of particular importance. In urban contexts, vulnerable groups
typically include individuals with limited economic resources and reduced physical resilience. When
social challenges escalate, these populations often experience the greatest instability and are most
susceptible to adverse impacts [8]. Prioritizing the needs of vulnerable populations in smart city
development not only reflects a human-centered planning philosophy but also significantly mitigates
their social instability.

With continuous advancements in human–machine collaboration mechanisms and data
acquisition systems, both public participation in urban design and the quality of data related to
vulnerable groups have been significantly enhanced. This paper focuses on physiologically
vulnerable populations who face difficulties using public transportation due to physical impairments.
Public transportation is an essential component of urban development and plays a critical role in
addressing the growing transportation demands associated with urban expansion. However,
individuals with physical impairments frequently encounter significant barriers when accessing
public transportation systems. This issue has received growing academic attention. To address the
mobility challenges faced by these vulnerable populations, researchers have leveraged modern
technologies to optimize bus stop allocation and design intelligent, convenient, and efficient public
transit environments tailored to their characteristics and individual needs. For example, by
integrating big data and digital platforms, functions such as real-time bus updates, vehicle
congestion indicators, and barrier-free vehicle recognition have been implemented. Using AI and
algorithmic analysis of data uploaded by disabled users, researchers can identify specific pain points
and generate optimized public transit routes for each individual [9].

4.  Regulation and governance of smart city construction 

The application of technology has always been a double-edged sword for humanity. Technological
advancements have undeniably brought great convenience and elevated human civilization to new
heights. From the perspective of smart city construction and planning, this paper outlines various
technologies that have transformed traditional urban planning methods and concepts. However,
while these technologies advance urban systems, they often overlook an equally vital component of
the city—its people. Ultimately, the core purpose of urban development and planning is to serve the
needs of its inhabitants [10]. Overemphasizing technological development risks neglecting
fundamental human needs in favor of superficial progress. Therefore, the tension between
technological implementation and humanistic care is a critical issue that warrants attention in the
development of smart city technologies.

According to the literature, humanistic care refers to concern for individuals' living conditions,
and attention to their well-being, life, and health. It emphasizes deep concern for individuals' mental
states and human nature, respect for emotions, will, and values; affirmation of human dignity and
living conditions aligned with human nature; pursuit of personal freedom and liberation; protection
of fundamental rights; and recognition of independent thought and individuality [11]. From a
literature perspective, the integration of artificial intelligence and big data into smart city systems
may result in unfair or negligent decisions toward vulnerable populations due to algorithmic bias,
potentially exacerbating social tensions. In terms of personal privacy, the advancement of urban
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surveillance technologies and data networking systems is intensifying the conflict between data
transparency and privacy protection. Therefore, it is essential to ensure that the application and
development of all technologies are conducted under the oversight of ethical standards and fairness.
As monitoring technologies evolve, identity authentication systems have also been progressively
developed and refined. These technologies can be deployed across various Internet of Things (IoT)
nodes and service sites within smart cities to safeguard core urban data and ensure accurate identity
verification [12]. At the same time, urban administrators particularly government entities must
carefully determine which data can be made public and which requires restricted access. They are
also responsible for enhancing oversight of emerging technologies and improving the cybersecurity
defenses such as firewall resilience provided by network operators.

5.  Conclusion

As computer technologies such as big data, artificial intelligence, and digital twins integrate into
smart city planning systems, the paradigm is shifting from technical rationality to cognitive
collaboration. This paper focuses on how computer and human–machine collaborative technologies
reconstruct the urban planning toolchain, while also emphasizing the need to enhance public
participation. Future research should center on the themes of technological ethics and governance
innovation, and this paper proposes and illustrates three key dimensions: technological
reconstruction, collaborative empowerment, and ethical response [13]. First, technologies such as
BIM 5D, GIS, knowledge graphs, and digital twins collaboratively construct the dynamic toolchain
of smart cities. These tools enable a transition from two-dimensional static design to three-
dimensional spatial simulation, and from isolated data collection to semantic integration—
significantly improving planning accuracy and operational feasibility [14]. Second, next-generation
participation platforms—enabled by human–machine collaboration—are facilitating a shift in the
role of the public, especially vulnerable groups, from passive recipients to active co-creators.
Technologies such as intelligent perception and multi-modal interaction are breaking down the
barriers of technical elitism in traditional urban governance, thereby enhancing the authenticity and
inclusivity of public participation. Finally, rapid technological advancement has brought ethical
challenges to urban governance—including data privacy concerns, algorithmic bias, and the digital
divide—which urgently require institutional responses and innovative governance mechanisms.
Building interdisciplinary governance mechanisms, public oversight platforms, and ethical
evaluation frameworks is essential to achieving the organic integration of scientific advancement
and humanistic care in smart city development. In summary, the future of smart city planning
depends not only on the advancement of cutting-edge computer technologies, but also on robust
public participation and a sound ethical governance system. Only through the integration of
technology, spatial planning, and humanistic values can we establish a new paradigm for smart cities
that are both sustainable and socially responsive.
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