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Abstract

The conceptualization and development of Virtual Geographic Environments (VGE) have been instrumental in transcending
traditional boundaries in spatial analysis, simulation, and decision making. Over the years, researchers and practitioners have
strived to create virtual scenes that mirror the complexities of our physical environment. The applications of VGE extend across
diverse domains, from urban planning and environmental science to disaster management and healthcare. In scientific contexts,
the integration of cutting-edge technologies becomes paramount in elevating the capabilities of VGEs. This paper presents a
comprehensive framework for enhancing VGE through the integration of cutting-edge technologies, particularly focusing on Urban
Visual Building Information Mobile Capturing (UVBIMC). By leveraging these advanced techniques, the paper aims to enrich 3D
geosimulation models for more accurate and detailed urban planning and analysis. The study showcases the potential benefits of
this integrated approach, providing insights into how it can advance the field of urban digital twin science and significantly improve
decision-making processes in urban development via the possibilities of simulations and prospective analyzes.
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Introduction

In contemporary urban planning and geographic information
science, the integration of advanced technologies has become im-
perative for the development of accurate and detailed geosimula-
tion models. Also, in the realm of spatial analysis, urban simulation,
and decision-making, the evolution of Virtual Geographic Environ-
ments (VGE) has been transformative, transcending traditional
boundaries and opening new avenues for exploration [1, 2]. VGEs
serve as dynamic digital counterparts to our physical surroundings,
facilitating an indepth understanding of complex spatial relation-
ships. The applications of VGE span diverse domains, encompass-
ing urban planning [3, 4], environmental science [4], disaster man-
agement [5], and healthcare [6]. As the demand for more realistic

@ @ This work is licensed under Creative Commons Attribution 4.0 License|0]EES.MS.ID.000517.

and detailed virtual representations intensifies [79], researchers
and practitioners are increasingly integrating cutting-edge technol-
ogies into VGE frameworks. This integration becomes particular-
ly critical for addressing the intricate challenges posed by urban
environments [10, 12]. This paper introduces a comprehensive
framework designed to enhance VGE through the infusion of cut-
ting-edge technologies, with a specific focus on the application of
Urban Visual Building Information Mobile Capturing (UVBIMC)
which represents a paradigm shift in the capture and integration of
visual building information within VGE. Indeed, in the eve revolving
landscape of technology, a diverse array of sensors has emerged,
offering a comprehensive toolkit for gathering geospatial data in
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urban environments. This suite of sensors facilitates the capture
of multifaceted data types, encompassing spatial coordinates, 3D
point clouds, images, and depth information. Among these, the
Light Detection and Ranging (LiDAR) scanner stands out as a wide-
ly employed instrument for precise data acquisition. Furthermore,
the ubiquity of mobile devices, particularly smartphones and tab-
lets, has surged in recent years [13, 14].

These compact yet powerful devices are equipped with sophis-
ticated cameras and sensors, including RGB cameras and depth
sensors. While the cameras adeptly capture high-resolution imag-
es, the depth sensors offer precise distance measurements from the
sensor to objects within the scene. This harmonious integration of
sensors empowers researchers to capture a rich spectrum of data,
encompassing both visual and depth dimensions, instrumental for
advancing urban modeling efforts. This paper delves into the intri-
cate details of this technology, exploring its potential to advance
3D geosimulation models. The primary objective is to bolster the
accuracy and granularity of urban planning and analysis, providing
a more nuanced understanding of the urban landscape. So, we en-
deavor to achieve four objectives.

1. Integration of Cutting-edge Technologies: Explore and
elucidate the integration of cutting-edge technologies, specifi-
cally UVBIMC, within the framework of VGEs.

2. Enrichment of 3D Geosimulation Models: Showcase how
the integration of advanced techniques contributes to the en-
hancement of 3D geosimulation models, enabling more accu-
rate and detailed representations of urban environments.

3. Advancement of Urban Digital Twin Science: Contribute
to the evolution of Urban Digital Twin science by leveraging the
capabilities of UVBIMC and other innovative technologies.

4.  Improved Decision-Making in Urban Development:
Demonstrate how the proposed framework facilitates improved
Decision-Making processes in urban development through sim-
ulations and prospective analyses.

This research holds significant implications for the fields of ur-
ban planning, digital twin science, and Decision-Making processes
in urban development. By harnessing the potential of UVBIMC and
cutting-edge technologies, the paper aims to push the boundaries
of what is achievable in the realm of VGEs. The insights garnered
from this research are anticipated to catalyze advancements in ur-
ban modeling, simulation, and analysis, fostering a more sustaina-
ble and informed approach to urban development. The remainder
of this paper is structured as follows: in section 2, we provide a
Background and Related Works of Virtual Geographic Environ-
ments (VGE) and Geosimulation models. This section sets the stage
by elucidating the foundational concepts and challenges within the
realm of VGEs. We delve into the intricacies of geosimulation mod-
els, examining their significance and the limitations they currently
face. Additionally, we discuss the critical role of cutting-edge tech-
nologies in addressing these challenges and pushing the bounda-
ries of VGE capabilities. Section 3, titled “Materials and Methods,”
delves into the specifics of our approach to enhancing VGEs. Here,
we focus on the integration of cutting-edge technologies, with

Citation: Igor Agbossou*. Enhancing Virtual Geographic Environments for 3D Geosimulation with Cutting-Edge Urban Visual Building Infor-
mation Mobile Capturing. Online ] Ecol Environ Sci. 1(4): 2023. OJEES.MS.ID.000517. DOI: 10.33552/0JEES.2023.01.000517

particular attention to Urban Visual Building Information Mobile
Capturing (UVBIMC). We provide a detailed account of the method-
ologies, tools, and techniques employed in our study. This section
serves as a practical guide for researchers and practitioners inter-
ested in replicating or building upon our framework. In section 4,
“Experimental Real Application,” we present a real-world applica-
tion of our proposed enhancements. This section outlines a prac-
tical framework for implementing the integration of cutting-edge
technologies, showcasing how UVBIMC can be effectively utilized.
We explore the potential impact of our framework on urban plan-
ning and Decision-Making processes, offering concrete examples
and insights derived from the application of our methodology. The
final section, Conclusion and Future Directions, synthesizes the key
findings of our study. We draw conclusions based on the outcomes
of the experimental real application and reflect on the broader im-
plications for the field of VGEs. Furthermore, we outline potential
avenues for future research, identifying areas where additional
exploration and advancements are needed to continue pushing the
boundaries of geosimulation and VGE capabilities.

Background and Related Works
Virtual Geographic Environments and Geosimulation

The dynamic nature of modern urban environments, character-
ized by rapid population growth, increased spatial complexity, and
diverse infrastructural development, has propelled the need for
sophisticated tools and methodologies in the domain of geograph-
ic information science. VGEs represent a critical paradigm in con-
temporary geographic information science, enabling the creation
of dynamic and interactive representations of real-world spatial
environments [15]. These digital environments serve as powerful
tools for simulating and analyzing various geographic phenomena
[16], providing researchers [17, 19], policymakers [20], and urban
planners with the means to explore and understand complex spa-
tial relationships and dynamic processes within urban and natural
landscapes [21]. Through the integration of spatial data, remote
sensing technologies, and computational modeling [16, 22, 23],
VGEs facilitate the development of sophisticated geosimulation
models, allowing for the dynamic visualization and analysis of com-
plex spatial systems and their interactions. In the realm of urban
planning and design, VGEs have emerged as indispensable tools for
stakeholders involved in envisioning and shaping urban landscapes
[24]. VGEs facilitate a dynamic and immersive experience that goes
beyond traditional planning methods. Stakeholders can navigate
through virtual cityscapes, gaining insights into proposed devel-
opments, and assessing their impact on the existing environment.
This virtual exploration aids in visualizing architectural designs
[25] and urban layouts, fostering a more informed Decision-Making
process [19].

Architects and city planners can analyze the spatial relation-
ships between buildings, infrastructure, and natural elements,
optimizing designs for functionality and aesthetics [25-27]. Appli-
cations range from modeling the effects of climate change to under-
standing the consequences of deforestation and predicting the im-
pact of natural disasters [28, 29]. Researchers can simulate various
scenarios to understand how diseases may propagate in different
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environments, informing public health strategies and resource al-
location [26, 30-32]. Through geosimulation within VGEs, research-
ers can create dynamic models that simulate environmental chang-
es over time. This capability contributes significantly to predictive
modeling, enabling scientists to forecast potential outcomes based
on varying scenarios. Geosimulation, a key application of VGEs, in-
volves the construction of computational models that simulate and
analyze geographical phenomena, including urban growth, trans-
portation networks, environmental changes, and social dynamics
[31,32].

Geosimulation models enable researchers to explore and pre-
dict the behavior of complex spatial systems, offering valuable
insights into the impacts of various interventions and policy de-
cisions on urban development and environmental management.
These models play a crucial role in supporting evidence based
Decision-Making processes, providing stakeholders with the nec-
essary tools to assess the potential outcomes of different scenar-
ios and develop informed strategies for sustainable development
and resource management. Despite the significant advancements
in VGEs and geosimulation methodologies [24-26], the accurate
representation of intricate urban landscapes and dynamic spatial
processes remains a challenge [15]. In the current decade, the evo-

lution of VGEs continues with a focus on enhanced data integration
and interactivity. Recent developments include realtime data feeds
and dynamic updates to virtual environments, ensuring that the
information within VGEs remains current and relevant. Interactive
features have become paramount, allowing users to manipulate
and explore the virtual space in realtime [24, 25, 28].

Scientific Challenges for VGEs and Geosimulation

Conventional geosimulation models often encounter challeng-
es in accurately capturing the intricate spatial dynamics and ur-
ban complexities that define contemporary cities [26, 28, 30-32].
As such, there exists a pressing demand to enhance the fidelity of
VGEs, ensuring a more comprehensive and nuanced representa-
tion of real-world urban landscapes. The motivation behind this
research stems from the recognition of the limitations in existing
geosimulation techniques, underscoring the necessity to incorpo-
rate cutting-edge technologies that can facilitate the seamless in-
tegration of urban visual building information within virtual envi-
ronments. Despite the significant progress made in the field of VGEs
and geosimulation, several scientific challenges persist, hindering
the accurate representation and simulation of complex spatial phe-
nomena. Some of the key challenges and limitations are document-
ed in Table 1.

Table 1: Challenges related to the limitations of current VGEs and Geosimulation.

The limitation in spatial resolution and the ability to capture intricate spatial details within VGEs pose
challenges in accurately representing the complex spatial structures and dynamics of urban. Many current

simulation outcomes.

Spatial Fidelity and . . . . . . . 17,20-22, 24, 25,
P ResolutiotI}I geosimulation models face challenges in accurately representing the spatial fidelity and resolution required [ 30-32]
to capture the intricate details of urban environments, leading to potential inaccuracies in the simulation
outcomes.
Real-time Data The integration and processing of real-time data into geosimulation models remain a challenge, impeding [13-15,17, 19
Integration and the development of dynamic and responsive frameworks for urban planning and management. Consequent- 25 '33]' !
Processing ly, the ability to capture and simulate dynamic urban processes in a timely and accurate manner is limited. !
Effectively modeling and simulating the multifaceted interactions among various urban elements, such as
. ildings, infrastr re, and human activities, remain mpl hallenge in imulation. Curren -
Modeling Complex bu. d gs astructure, and huma actvFes emains a complex challenge in geos l:IaFO Cu. ent geo [14-16, 22, 30,
. simulation models often struggle to effectively capture and simulate the complex spatial interactions and
Urban Dynamics . . g - o . 36, 40]
dynamics among various urban elements, such as buildings, infrastructure, and human activities, leading to
a limited understanding of the holistic urban environment.
The seamless integration and fusion of diverse data sources, including remote sensing data, geographical
Data Fusion and information, and real-time sensor data, present challenges in creating comprehensive and holistic repre- [36,37, 40, 41,
Integration sentations of urban environments within VGEs, leading to potential inconsistencies and limitations in the 45, 46]

Accuracy and Reli-
ability of Simulation

Ensuring the accuracy and reliability of simulation outcomes in geosimulation models, particularly when
considering complex and dynamic urban processes, remains a critical challenge for researchers and practi-

[26,27,45,47-49,

requirements are imperative for effective analysis and decision-making.

Outcomes tioners. 50]
The absence of standardized data formats and visualization methods among diverse cities and organi-
Lack of Standard- zations presents a barrier to seamless integration and comparison of urban data. This deficiency limits [36,37,40, 45,
ization interoperability and data exchange, thereby posing challenges to the realization of effective visual analytics 46, 48]
on a broader scale.
. . | The infusion of con I information via semantic enrichment is pi I for urban visual analytics. Never-
Restricted Semantic e infusion of contextual information via sema .UC enrichme FIS plvota or urba visual ana ytlcs eve [22, 36,37, 40,
. theless, current standards encounter challenges in articulating intricate urban features, impeding the thor-
Enrichment . . . . . 41, 45]
ough capture and analysis of urban phenomena and impeding the advancement of urban visual analytics.
With the expansion of urban datasets in both size and complexity, effective data processing and visual-
Scalability and ization techniques become indispensable for optimal performance. Current standards may fall short in (36,42, 43]
Efficiency meeting scalability demands, resulting in slower analysis and rendering speeds. This constraint can impede T
real-time and interactive urban visual analytics, particularly concerning extensive datasets.
Although standards offer a foundation for data representation and visualization, they might not fully
Human-Centric address the varied needs and preferences of diverse user groups, such as urban planners, policymakers, [28, 36, 40, 41,
Design Approach and researchers. The customization and adaptability of visual analytics tools to accommodate specific user 43, 44]
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By addressing partially this gap, our study aims to contribute
to the advancement of a more robust and refined approach to geo-
simulation, enabling stakeholders to gain deeper insights into the
complex interplay between spatial elements and dynamic urban
processes. Furthermore, the integration of mobile capturing tech-
niques allows for the timely acquisition of high-resolution data, fos-
tering a more responsive and adaptive framework for urban plan-
ning and management.

Materials and Methods

Urban Visual Building Information Mobile Capturing
Technologies

The integration of urban visual building information into VGEs
constitutes a pivotal step towards enhancing the accuracy and real-
ism of geosimulation models. Traditional geosimulation models of-
ten struggle to represent the intricate details of urban landscapes,
and the incorporation of cutting-edge technologies in the form of
urban visual building information mobile capturing addresses
some of the identified in section 2.2. Advancements in Terrestrial
Laser Scanning (TLS), Structure from Motion (SfM) Photogramme-
try, Mobile Mapping Systems (MMS), and Unmanned Aerial Vehicles
(UAVs) have revolutionized the acquisition of urban visual building
information [15, 16, 33-35]. These technologies facilitate the rapid
and precise capture of detailed 3D models, enabling the creation of
comprehensive representations of the built environment.

TLS has emerged as a pivotal technology for capturing highly

detailed and precise 3D building information in urban environ-
ments. They facilitate the rapid and accurate acquisition of com-
plex spatial data, enabling the creation of detailed point cloud rep-
resentations of buildings and structures. This technique employs
laser beams to measure the distance to various surfaces, generating
dense and accurate 3D point clouds that can be utilized for compre-
hensive building information modeling and virtual reconstruction.
The utilization of TLS in the context of urban visual building infor-
mation capture has significantly contributed to the enhancement
of data acquisition techniques, enabling the creation of more com-
prehensive and detailed virtual representations of urban environ-
ments within geosimulation models [51].

SfM photogrammetry has emerged as a prominent technique
for generating accurate 3D models from 2D images, contributing
significantly to the advancement of urban visual building informa-
tion capture. SfM photogrammetry enables the reconstruction of
detailed 3D representations of buildings and urban structures by
analyzing the structure and motion of various elements captured in
a sequence of 2D images [15, 16]. This technology has proven to be
cost-effective and efficient, facilitating the rapid acquisition of de-
tailed building information, particularly in situations where access
to buildings or structures may be challenging. The integration of
SfM photogrammetry within the realm of urban visual building in-
formation capture has significantly contributed to the development
of accurate and detailed 3D models, fostering the advancement of
geosimulation models for enhanced urban planning and analysis.

Figure 1: iPhone 13 Pro Max used as sensor for data acquisition.

&

J

In recent years, there has been a surge in the popularity of mo-
bile sensors, particularly smartphones and tablets [13, 14]. These
devices come equipped with sophisticated cameras and sensors,
including RGB cameras and depth sensors. The highresolution im-
ages captured by cameras, along with distance measurements pro-
vided by depth sensors, enable the acquisition of both visual and
depth data for urban modeling. The choice of sensor depends on
various factors such as specific data requirements, study area scale,
budget constraints, and logistical considerations. Researchers need
to thoroughly assess the capabilities and limitations of different
sensors to ensure accurate and comprehensive data acquisition for
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augmented reality modeling in urban environments. For our spe-
cific data acquisition needs, we opted for the iPhone 13 Pro Max
as our sensor of choice, with previous versions of the iPhone Pro
family, starting from version 12, also proving suitable. This smart-
phone model offers advanced features that enhance the quality of
captured images. Integrated sensors in modern smartphones pro-
vide capabilities aligning with the requirements for data acquisi-
tion in photogrammetry, making them well-suited for capturing
high-quality images for 3D modeling [52]. Notable features include
wide color capture for photos and live photos, lens correction for
accurate representations, retina flash for optimal lighting condi-
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tions, auto image stabilization to reduce blurriness, and burst mode
for capturing multiple frames rapidly. The amalgamation of these
features positions the iPhone 13 Pro Max as an excellent fit for our
research purposes. Refer to Figure 1 for a visual representation of
the iPhone 13 Pro Max, illustrating its pivotal role in acquiring es-
sential data for our endeavors in UVBIMC.

Methodology and UVBIMC Workflow

Numerous technologies contribute to advancing VGE for 3D Ge-
osimulation systems, and a comprehensive understanding of these
technologies is pivotal for designing effective solutions. Computer
vision [2, 7, 8, 13-17, 24-27] plays a central role in recognizing and
comprehending the physical environment. This involves analyzing
visual data [36, 53, 26], such as images or video streams, to detect
and track objects, estimate their pose, and extract relevant features
[42, 43]. The implementation of computer vision algorithms facili-
tates the seamless registration of virtual objects into the real world,
enabling integration and interaction. The creation of accurate and

detailed 3D models of the urban environment is foundational for
realistic and contextually relevant augmentations. Techniques like
laser scanning [16], photogrammetry [15, 16], and CAD modeling
contribute to generating high-fidelity 3D models [8, 38]. These
models capture both geometric and semantic information about
buildings, streets, and other urban elements, forming the basis for
precise and visually consistent augmentations [19, 26, 27]. Machine
learning techniques [15, 16, 24, 25] are integral to the process, en-
abling object recognition, semantic understanding, and real-time
tracking. These algorithms can be trained to recognize and classify
urban objects, facilitating intelligent augmentations and predictive
analysis [54, 55]. Additionally, Al based algorithms can adapt and
improve over time, enhancing the accuracy and effectiveness of en-
hanced VGE for 3D Geosimulation systems. Stakeholders in urban
planning and design can leverage enhanced VGE and urban visual
building information to visualize and analyze proposed changes to
the built environment in real-time. Refer to Figure 2 for an illustra-
tion of the different components involved in this intricate process.

e N
2030 Numerical Machine Learning Engine
visualisations
[ =4
(=1
=]
% E-\.uynmu-d Reality Tools J (Urbdn Built Enviromment Bﬂmv)
g—;
(GcoC'l.uu:l Points Analysis Model )
e =
E @D Spatial Analysis Models _) %
&
NE
(Dau Management Model ) g &
’
I Multi-source Data Capturing and Management Process
a
=
Figure 2. VGE for 3D Geosimulation Enhancement Framework.
N J

The integration of cutting-edge urban visual building informa-
tion into VGEs necessitates the development of a robust Geosim-
ulation model enhancement Framework. This framework outlines
a systematic approach for incorporating advanced technologies,

ensuring the creation of dynamic and accurate geosimulation mod-
els. The steps and methodological workflow required to implement
such a system are summarized in Table 2, (Figures 3-5).

Table 2. Steps and methodological workflow required to implement an enhanced VGE.

3D Parametric repre-
sentation

Utilizing the ARKit [15] and RealityKit [15] software frameworks for augmented reality application development, we leverage

the iPhone’s camera and LiDAR Scanner to construct a 3D representation of urban visual features, encompassing furniture di-

mensions and types. The resulting visual capture is presented as a parametric representation, exportable in various Universal
Scene Description (USD) formats (USD, USDA, or USDZ) through Reality Composer [15].

Detection of Walls and
Openings

Figure 3 demonstrates a two-stage algorithm for wall and opening detection. In the initial stage, a neural network processes
point clouds with semantic labels, predicting 2D walls and openings in a bird’s-eye view. The second stage lifts the detected
2D walls and openings into 3D using postprocessing algorithms, leveraging wall height.

Citation: Igor Agbossou*. Enhancing Virtual Geographic Environments for 3D Geosimulation with Cutting-Edge Urban Visual Building Infor-
mation Mobile Capturing. Online ] Ecol Environ Sci. 1(4): 2023. OJEES.MS.ID.000517. DOI: 10.33552/0JEES.2023.01.000517

Page 5 of 10


http://dx.doi.org/10.33552/OJEES.2023.01.000517

Online Journal of Ecology & Environment Sciences Volume 1-Issue 4

. Doors and windows, primarily rectangular planar objects on walls, are detected through an orthographic approach (Figure
Detection of Doors . I . - Lo .
. 4). This approach distinguishes closed from open doors, operates in real-time during live scans, and is fully supported on the
and Windows .
Apple Neural Engine [56].
Our 3D Object Detection (3DOD) pipeline comprises local and global detectors with a fusion algorithm (Figure 5). Utilizing a
3D Object Detection 3D Convolution U-Net architecture [55, 56] as the backbone, featuring three downsampling and three upsampling layers, this
pipeline robustly detects objects.
New USD files (.usda) are created using Apple Reality Converter, defining the initial stage and layer structure of the scene, and
VGE Scene Assembly importing geometry as a reference or direct asset. Within the USD file, urban environment visual features are specified using
USD’s schema and attribute system, including materials, textures, shading parameters, and other visual properties.
Hierarchy and 3D Visual features are organized hierarchically to reflect spatial relationships within the urban environment. This involves group-
Scene Organization ing elements such as buildings, roads, and vegetation into separate layers or sublayers.
( 1
Semantic y  Semantic »  End-to-End Layout Post-
Point Clouds Projection Line processing
Z-5licing Detector
Figure 3: Walls and Openings Detection Processing.
. J
( 1
F Y
'
Semantic Wall Semantic/ 2 Post-
Point Clouds Projection RGB/Distance Orthographic Windows processing
Maps Detection
Figure 4: Doors and Windows Detection Processing.
. J
( 1
= ]
Semantic Frustum » Local Detector — Global Fusion
Point Clouds View + Temporal Detector
Generation Aggregation
Figure 5: 3D Visual Object Detection Processing.
. J

Experimental Real Application
Experimental Urban Area

In this experimental investigation, our VGE for 3D Geosimu-
lation Enhancement Framework, coupled with the defined meth-
odological workflow, was deployed in a section of the recently de-
veloped residential area known as “Jardins du MONT” in Belfort,
France (Figure 6). This housing estate project encompasses 25
plots featuring individual houses ranging from 600 to 900 m2. No-
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tably, “Jardins du MONT” represents a contemporary development
characterized by high-quality architectural design. Conveniently
located, it is within a 10minute travel distance from the city center
of Belfort via car, bus, or bike. Moreover, it enjoys proximity to the
vibrant “Techn’"Hom” business park, housing major companies such
as GE and Alstom. This strategic location offers residents a tranquil
and green urban setting, affording exceptional views of Belfort and
its fortifications. The primary focus of our research in this study
revolves around 3D spatial analysis, the temporal evolution of new
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housing estates, and the practical implementation of smart city plication of our enhanced VGE was deemed crucial to conducting a
concepts utilizing advanced tools in artificial intelligence. Given the = prospective analysis of the evolving urban built environment.
dynamic nature of this urban area’s ongoing development, the ap-

( N

Jardins du

Figure 6: Experimental Urban Area “Jardins du MONT”, Belfort (France).
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Figure 7: Dataset sample for VGE for 3D Geosimulation with the USD schema files.
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In the pursuit of accommodating the diverse visual character-
istics of various urban residences, including houses, apartments,
and other dwellings, a comprehensive database was meticulously
compiled. This database, integral to our algorithmic developments,
encompasses 800 photos capturing a hundred distinct houses.
Rigorous adherence to overlap constraints was maintained during
the data collection process to ensure the robustness of our algo-
rithms. The database is curated with 799 calibrated image pairs,
meticulously organized based on stereovision image matching con-
straints. To enrich the dataset and enhance the adaptability of our
algorithms to different scanning patterns, we also recorded a set of
video sequences. These sequences, captured using an iPhone and
iPad, aimed to comprehensively cover all surfaces of the structures.
Notably, each sequence followed a distinct motion pattern, con-
tributing to the algorithm’s resilience across varied scan patterns.
Figure 7 provides a visual representation of the captured data, il-
lustrating the reading direction of the photos from start to end. It's
essential to note that the number of pictures required for achieving
an accurate 3D representation varies, contingent upon factors such
as the image pair quality, the complexity of the built environment,
and its size.

Enhanced VGE for 3D Geosimulation with UVBIMC Im-
plementation

through the integration of cutting-edge technologies, with a par-
ticular emphasis on UVBIMC. This section delves into the practical
implementation of our approach, highlighting key components and
their impact on the fidelity of VGE and 3D geosimulation models.
The backbone of our approach lies in the meticulous collection
and processing of data. Leveraging UVBIMC involves the use of
advanced tools. Simultaneously, mobile devices record video se-
quences, employing varied motion patterns to ensure robustness
in our algorithm’s response to different scan patterns. Ground truth
information is derived from labeled data, aligning it with recon-
structed scenes to ensure the accuracy of our 3D representations.
Our framework is not confined to theoretical concepts; it is robustly
implemented in real-world settings. This practical application un-
derscores the framework’s efficacy and feasibility in diverse urban
environments. The seamless integration of UVBIMC showcases the
practicality of our approach, setting the stage for its adoption in
real-world scenarios. The real-world application of our framework
goes beyond technical implementation. It explores the tangible im-
pact on urban planning and Decision-Making processes. By provid-
ing a more accurate and detailed representation of the urban envi-
ronment, our enhanced VGE becomes a valuable tool for informed
Decision-Making in urban development. Figure 8 illustrates the
transformative potential of our approach, depicting the enhanced
VGE contributing to a more nuanced understanding of the urban

Our research introduces a framework for enhancing VGE landscape.
( M
Simulator device: iPhone/iPad or PG/Mac
1. Input (3D & Tabular) data * 2. Praprocessing + 3. Feature axtraction
T F A + ated 3I:I+5paho Tel'rlq::-cn-l':!.l+ Da Fu:on
~ - 1 B ta
ID|F1 | F2 F3 .. Fn o
1 Conmnvolution Neural Network (CNN)
g -
Temporal Convolution Network (TCN)
K Grapgh Convolution Network (GCN)
Figure 8: Enhanced VGE for 3D Geosimulation with UVBIMC Implementation.
S J

Conclusion and Future Work

In this paper, we presented a comprehensive framework for
enhancing VGE through the integration of cutting-edge technolo-
gies, with a specific focus on UVBIMC. Our approach, grounded in
the mobile device captures, has demonstrated significant advance-
ments in the fidelity of VGE and the enrichment of 3D geosimula-
tion models.

About key findings, our research contributes to the field by

Citation: Igor Agbossou*. Enhancing Virtual Geographic Environments for 3D Geosimulation with Cutting-Edge Urban Visual Building Infor-
mation Mobile Capturing. Online ] Ecol Environ Sci. 1(4): 2023. OJEES.MS.ID.000517. DOI: 10.33552/0JEES.2023.01.000517

addressing the challenges in VGE and geosimulation models. The
integration of UVBIMC provides a more detailed and accurate rep-
resentation of the urban environment, surpassing traditional ap-
proaches. Key findings include the seamless alignment of labeled
data with reconstructed scenes, ensuring the reliability of 3D rep-
resentations, and the real-world application showcasing the prac-
ticality and effectiveness of our framework. In term of impact on
urban planning and Decision-Making, the enhanced VGE resulting
from our framework has significant implications for urban plan-
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ning and Decision-Making processes. The detailed and realistic 3D
geosimulation models offer a nuanced understanding of the urban
landscape, empowering stakeholders to make informed decisions.
The potential benefits extend to urban development scenarios,
providing a valuable tool for simulating and analyzing prospective
changes.

While our framework marks a substantial leap forward, there
are avenues for further exploration and refinement.

1. Integration with Emerging Technologies: Explore the in-
tegration of our framework with emerging technologies such as
augmented reality and virtual reality to enhance user interac-
tion and engagement in urban planning processes.

2. Semantic Understanding: Enhance the semantic under-
standing of captured scenes to enable more intelligent analysis
of urban features, supporting applications in fields like autono-
mous navigation and environmental monitoring.

3. Scalability and Accessibility: Investigate methods to opti-
mize the scalability and accessibility of our framework, ensur-
ing its applicability in a broader range of urban settings and
making it accessible to a wider audience of urban planners and
decisionmakers.

4.  Longitudinal Studies: Conduct longitudinal studies to as-
sess the long-term impact and sustainability of our enhanced
VGE in supporting urban development decisions.

Our research provides a foundation for advancing the capabil-
ities of VGE and 3D geosimulation models through the integration
of UVBIMC. The real-world application demonstrates the trans-
formative potential of our approach in informing urban planning
decisions. As we move forward, the identified future directions will
guide further research to unlock the full potential of enhanced VGE
for sustainable and informed urban development.
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