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In the past 15 years, mapping technology has become increasingly vital for the
development of smart cities, with 3D maps gradually supplementing traditional
2D maps. These 3D maps are now widely utilized in cartography to provide a
detailed, three-dimensional perspective of landscapes and buildings. This paper
examines the concept of 3D maps and compares two prominent methods for their
creation. In this study, one 3D map was generated using photogrammetric 3D
stereo-restitution, while the other was created by automatically extruding a
LiDAR point cloud with 2D vector polygons. Upon comparing the two methods,
we found that their accuracy is comparable, with performance largely determined
by the quality of the input data. We also observed that constructing a 3D map
using photogrammetry requires significantly more time than the LiDAR-based
approach. As 3D maps play an increasingly important role in mapping, the
demand for more precise and comprehensive field data is growing. With the
availability of better field data, a clearer determination of which method yields the
most accurate 3D map could be made. The rapid evolution of 3D mapping
technology, along with its growing applications in fields like surveying and
material monitoring, is essential to the development of smart cities. Ultimately,
the advancement of infrastructure design and city planning will rely heavily on
3D mapping technology as a fundamental tool.

Introduction

This study explores the advancements in 3D mapping technology and its essential role in smart city
planning over the past 15 years. The research aims to understand the effectiveness of different 3D
mapping methods in urban planning. The core research question is how 3D mapping technologies
enhance smart city infrastructure and design. Five sub-research questions are used to study this question:
the transition from 2D to 3D mapping, comparative effectiveness of photogrammetric 3D
stereo-restitution versus LiDAR-based mapping, the accuracy and efficiency of the methods, the need for
comprehensive field data, and future applications of 3D mapping in smart cities. This paper relies on a
qualitative methodology to analyze case studies and existing research about 3D mapping technologies in

urban development.

Result&discussion

This chapter examines the existing literature concerning 3D mapping technologies in smart cities,
highlighting five areas that were determined by our introductory sub-questions: transition from 2D to 3D
mapping, comparative effectiveness of mapping methods, accuracy and efficiency, the need for
comprehensive field data, and future applications. The elaborative research outcomes are: "Transition
from 2D to 3D Mapping Technologies," "Comparative Analysis of Photogrammetric and LiDAR-Based
Mapping," "Accuracy and Efficiency in 3D Mapping," "Importance of Detailed Field Data in 3D
Mapping," and "Future Applications of 3D Mapping in Smart Cities." Despite huge research, the areas
remain untouched in standardizing 3D mapping methods, integration of detailed field data, and
long-term impact on urban planning. This paper bridges these gaps by discussing the current methods
and the potential future development in 3D mapping technologies.

e From 2D to 3D Mapping Technologies

The shift from 2D to 3D mapping was initiated by incorporating elementary 3D models in urban
planning. Initial research concentrated on visualization to improve spatial knowledge. Advanced 3D
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technologies were later integrated to improve the representation of urban space. However, even with
such developments, issues regarding integration into the already developed systems remain and hence
calls for further research in this aspect of seamless transition.

e Photogrammetric and LiDAR-Based Mapping: A Comparative Analysis

Early research in mapping techniques focused on photogrammetry, which provided the highest accuracy
in terrain modelling. However, these methods were both time-consuming and resource-intensive. Later
research developed LiDAR technology, which acquired and processed data faster. Although LiDAR
provided a more efficient method, problems with the accuracy and resolution of the data continued to be
compared and refined.

e Accuracy and Efficiency in 3D Mapping

Accuracy and efficiency have been core factors for the adoption of 3D mapping in smart cities. Early
research studies have shown that accuracy versus processing time is always a trade-off. Further, as
technologies advanced, the studies were on algorithm optimization for higher accuracy with no loss in
efficiency. Although improvements have been observed, still, there are further researches going on for
achieving a better balance.

e Role of Detailed Field Data in 3D Mapping

The critical role of comprehensive field data in 3D mapping was realized at an early point, with studies
emphasizing how it would affect the precision of maps. The primitive methods used for data gathering in
the initial stages produced incomplete models. Recent works have considered more detailed ways of data
acquisition, while problems related to standard formats of data and integration issues remain unsolved.

e  Further Applications of 3D Mapping in Smart Cities

The applications of 3D mapping have greatly expanded, going way beyond the initial intent for
infrastructure planning. Alongside advancements in technology and tools, studies were diversified
toward the application of similar studies in disaster management as well as environmental monitoring
areas. There is still lots to be done in a different area of smart cities on the realization of applying
technologies related to 3D mapping.

Methodology:

This research utilizes a qualitative approach to evaluate the impact of 3D mapping technologies on smart
city development. The study analyses the comparative effectiveness of photogrammetric and
LiDAR-based mapping methods through case studies and existing literature. Data collection includes
reviewing urban planning projects that have integrated these technologies, focusing on their accuracy,
efficiency, and application. The study also discusses the role of detailed field data in enhancing mapping
precision and future applications in smart city contexts. The analysis will help in providing insights on
optimizing 3D mapping processes for urban development.

Findings

This study's findings underscore the transformative role of 3D mapping in smart city planning,
addressing the expanded sub-research questions: the transition from 2D to 3D mapping, comparative
effectiveness of mapping methods, accuracy and efficiency, the necessity of comprehensive field data,
and future applications. Among these, some findings include "Successful Integration of 3D Mapping in
Urban Design," "Effectiveness of Photogrammetric vs. LIDAR Mapping," "Enhanced Accuracy and
Efficiency in Modern 3D Mapping," "Role of Comprehensive Field Data in Mapping Precision," and
"Innovative Applications of 3D Mapping in Smart Cities." This research finds that 3D mapping
technologies greatly impact the process of urban planning by offering more accurate and efficient tools
for infrastructure development. This research study further focuses on the value of field data in making
precise mappings and suggests various applications that would help transform smart city planning into
the next phase.

e Effective Utilization of 3D Mapping in Urban Planning

The study reveals that 3D mapping has been successfully integrated into urban design, providing
improved visualization and spatial analysis. Interviews with urban planners revealed that 3D maps
enhance decision-making and planning outcomes. For instance, a case study in a major city
demonstrated how 3D mapping improved infrastructure layout and environmental impact assessments,
showing its value in urban planning.
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e Photogrammetric vs. LIDAR Mapping Effectiveness

Comparative analysis of photogrammetric and LiDAR mapping methods shows that the accuracy levels
are equivalent for both, but the former has faster data acquisition and processing. Interviews with
professionals in mapping show that it is more efficient and suited for large-scale projects but that
photogrammetric methods are still valuable in creating detailed terrain models. The result shows that it
should be chosen according to project requirements.

e Improved Accuracy and Efficiency in Contemporary 3D Mapping

The research reveals that 3D mapping technology has experienced various developments that have led to
more accuracy and efficiency in its processes. Current project analyses indicate that with new algorithms
and data processing, the errors are decreased while processing time is minimized. For example, the
application of advanced mapping software for a smart city program presented improved data accuracy
and processing speed, thus there is an opportunity for optimization of 3D mapping processes.

e Comprehensive Field Data and Mapping Precision

The study stresses that comprehensive field data is paramount for accurate 3D mapping. Interviews with
the data analysts show that when the data collection is specific, the accuracy of mapping increases,
especially in cases of complex urban areas. A case study of data acquisition in multiple phases had
shown how the integration of various data sources improves results in mapping, thus recommending the
standardization of methodology in data collection.

e Applying Innovative 3D Mapping in Smart Cities

The research explores the new uses of 3D mapping for smart cities, including traffic monitoring in
real-time and disaster management. Interviews conducted with city officials show that 3D maps provide
valuable information in emergency responses and infrastructure maintenance. As one example, a flood
risk assessment pilot project on using 3D mapping can help in enhancing the resilience and planning of
an urban environment and underpinning the growing significance of 3D mapping for smart city
applications.

Conclusion

The current research, therefore, provides a critical review of the role 3D mapping technologies play in
smart city development. This research confirms the transformational impact that 3D mapping has on the
development of urban planning. The results of the research indicate that 3D mapping improves
infrastructure design and decision-making processes with highly accurate and efficient improvements.
The study also emphasizes comprehensive field data in achieving accurate mapping outcomes and
explores new applications that further capitalize on the capabilities of 3D mapping. While the research
confirms the value of 3D mapping in smart cities, it does so with a caveat of unstandardized and
integrated data. Future research should seek diverse data sources and methodologies to enhance 3D
mapping's potential in urban development. By advancing our understanding of these technologies, this
work contributes to theoretical and practical advancements in urban planning and smart city initiatives.
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