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Abstract: In this paper, we aim to present real implementation cases where non-visible elements of
environmental impact assessments (EIA), wind flow, are visualized using a 3D digital twin technology. The
conventional EIA process serves as a crucial tool in the evaluation of potential environmental impacts prior to
the initiation of development projects. This evaluation helps to establish a legal and institutional framework
that seeks to minimize the adverse effects on the environment. However, traditional EIA methods present
challenges, particularly for non-experts, in comprehending the results of assessments involving non-visible
environmental factors such as noise, air quality, and wind flow. These elements are often represented in static
images or numerical tables, limiting accurate understanding and engagement. Our proposed method, termed
Digital Twin based EIA, addresses these limitations by leveraging digital twin technology. This advanced
methodology allows for the visualization of non-visible environmental elements in a spatio-temporal
dimension, providing a more interactive and comprehensive user interface/experience for both citizens and
stakeholders. In this context, we present a unique case study that focuses on visualizing wind flow using this
technology. This paper serves as an example of how digital twin platforms can enhance traditional EIA
processes, offering a more immersive and informative experience. The evolution of EIA into the digital realm
signifies an important step forward in fostering public understanding and engagement in environmental
protection efforts.
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1. Introduction

This article is based on prior research[1] that focuses on the visualization of atmospheric
environments within the innovative Environmental Impact Assessment (EIA) visualize tools
developed by Gaia3D Inc., a South Korean corporation. This article extends upon the visualization of
air flow data covered in previous research by additionally presenting the processing aspect of
atmospheric dispersion data.

EIA is a decision-making process designed to help evaluate the potential environmental impacts
of a proposed project or development[2]. EIA process is designed to review, predict, and evaluate
potential environmental impacts before the final confirmation of a project plan, enabling the
development of strategies to prevent or minimize potential negative impacts on the environment.
The legal and institutional processes of EIA may vary by country, but it is equally important to verify
whether the predicted impacts have occurred and whether the proposed mitigation measures have
been implemented.

During the initial stages of the EIA, it is imperative to undergo a decision-making process
facilitated by community participation, aimed at achieving a sustainable environment[3]. This
involves gathering diverse opinions through public hearings and proposal processes between
developers and relevant organizations associated with the development site. However, within this
process, there are several limitations that could hinder communication between stakeholders. Which
is in EIA, experts often present results of environmental impacts prediction to the stakeholders using
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text along with numerical tables or static pictures with full of technical terms. Many stakeholders,
such as the public, developers, administrators, and engineers, are involved in the decision-making
process, and the role and participation of the public are particularly important in EIA[4]. However,
the public may find it difficult to fully understand the details of the project under consideration due
to a lack of expertise in the environment and engineering involved. This lack of understanding can
lead to serious miscommunication among stakeholders, inefficient decision-making, and unintended
project outcomes. To address this, tools are needed that make predictive results related to EIA easily
understandable by the public[4]. When these tools are used in the public review stage of a project,
citizens can better understand the potential environmental impacts of the development project. In
this respect, the use of appropriate data visualization methods, such as maps, charts, and simulations,
can enhance the delivery of information on environmental topics[5], which is beneficial. Particularly
for environmental impact elements that are hard to verify with the naked eye, such as noise, wind
flow, ground vibration, and air quality, this kind of visualization technique is even more critical
because it can provide prediction results in a way that is easy to understand even for non-experts.

In this context, Digital Twin technologies offer numerous benefits to stakeholders by simulating
and visualizing development projects before and after their implementation in a virtual
environment[6,7]. In this paper, we focus on the impact assessment of the atmospheric sector, one of
the six areas evaluated in South Korea’s EIA system, which include the natural ecological
environment, atmospheric environment, water environment, land environment, living environment,
and socio-economic environment[8]. Specifically, we aim to present methods for the visualization of
air flow analysis using 3D digital twin technology to make the invisible air flow visible through
programming, along with the data processing techniques employed. This approach seeks to enhance
the understanding and management of atmospheric impacts within the framework of environmental
impact assessments.

The structure of this paper is divided into three main sections: the background of the research,
the presentation of the solution, and the results constructed through the digital twin system. In
Section 2, Background of the Research, we examine the existing technologies for representing air flow
as a web service and their limitations. Issues related to the volume of data collected during the EIA
process and the challenges encountered during the visualization process are addressed. Section 3,
Solution Method, presents solutions to overcome the constraints of representing air flow identified
in Section 2. This section elucidates the approach devised to address the highlighted issues
effectively. In Section 4, Results and Conclusion, the outcomes concerning the visualization of air
flow are presented and discussed. This section summarizes the findings of the study and discusses
the implications of the digital twin system’s application in enhancing the understanding and
representation of air flow within the context of Environmental Impact Assessments.

2. Background of the Research

In the field of EIA for air quality, visualization encompasses areas such as mapping of pollution
sources, air quality data visualization, air quality modeling, visualization of wind speed and direction,
and charting for reports[8]. In digital twin-based data visualization, modeling air quality data and its
flow in a three-dimensional space requires efficiently handling a large volume of data and adapting
it for easy user comprehension.

2.1. Air Quality/Odor Flow Model Data

The sample data for this research was obtained from a company named NineEco, involving
records from an area undergoing an Environmental Impact Assessment (EIA). The spatial extent of
the data covers an area of 13km x 13km, and the temporal range spans one year, utilizing atmospheric
environmental observation modeling data produced on an hourly basis throughout the year. The
quality of the air was recorded at grid points spaced 100m apart, totaling 17,161 data points, collected
in a time series on an hourly basis (Figure 1). The amount of data for one substance at one site for one
hour is approximately 100 bytes. Such planar layers were constructed for seven height segments
(ground surface-Om, 10m, 20m, 30m, 60m, 100m, 200m) to facilitate the analysis of 3D spatial data.
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Figure 1. Air quality model sample data structure schematic representation.

The volume of data constructed in this manner is quite large, necessitating the transmission and
processing of 4.45GB of data to visualize a year's worth of data in three-dimensional space through
animation. When operating over a web service, server and data communication mean that users
attempting to view this via a web browser would face a waiting time of nearly 15 minutes, posing a
significant issue. Addressing this problem is crucial for facilitating smooth evaluation and
information sharing within the EIA process.

2.2. Visualizing a Particle Floating

Visualizing a particle floating in a particular wind field means that the particle is moving along
the vector field's streamline. The schematic representation of a vector field of wind data and its
streamline is shown in Figure 2.

Figure 2. The schematic representation of a vector field and its streamline.

The method to visualize wind field on 2D map in a web browser
is already an existing technique. The key to the existing method on 2D
map is to create animation frames by separately generating images for
spatial information and images for the trajectory of wind flow marker
and then mixing them.
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Figure 3. The existing method of visualizing the movement of particles representing wind flow on a
2D map.

The advantage of the existing 2D technology is that the process of mixing memory that composes
the image at an array level is quick, making it a suitable approach for web services with performance
limitations. However, it is quite difficult to apply this technology to 3D digital twins. This is because
the third dimension introduces an additional height axis (z-axis), making it difficult to easily produce
images for wind flow markers[9]. Even if we were to produce images for wind flow markers, because
it is an image fusion method, whenever screen manipulation (screen movement, zooming in,
zooming out, changing camera direction, etc.) occurs, we would need to reset the existing screen,
create new images for the wind flow markers, and redraw the screen. In other words, every time
screen manipulation occurs, the continuity of the wind flow marker's animation effect is not
guaranteed.

To animate the flow of wind on 3D spatial information, the existing 2D visualization technology
cannot be utilized. Instead, it must be implemented by directly drawing symbols into each animation
frame[9]. However, the task of calculating and updating new positions for the N number of wind
symbols that will be visualized on the screen for each animation frame requires significant
computational power. Hence, it is typically impossible to implement this in web services with
resource constraints using conventional methods. Therefore, we devised a method for executing
wind flow symbol animation by leveraging the high-speed computational capabilities of graphic
cards.

3. Solution Method

3.1. Air Quality/Odor Prediction Model Data Optimize Using PNG Encoding

As mentioned in Section 2.1, due to the issues with the size of air quality/odor data, a method
was devised to optimize the data for service delivery.

The exploration culminated in the decision to employ the Portable Network Graphics (PNG)
format for the web-based visualization of air quality and odor data, predicated on the following 4
rationales:

1. Air quality and odor data, structured as grid data with concentration values assigned to regular
grid points, logically parallels the data structure in image files where each pixel represents
RGBA (Red, Green, Blue, Alpha for transparency) values. This structural congruency suggests a
seamless transformation of air quality data into an image-based format[10].

2. A single pixel in a PNG image file, described by a 4-byte unsigned integer, can encapsulate an
8-byte floating number through value coding, enabling the storage of concentration values
within each pixel's data structure.

3. Given the lossless compression supported by PNG[10], converting air quality and odor data into
this image format facilitates further data compression, significantly reducing the overall data
size while preserving the integrity of the original data.
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4. The widespread adoption of the PNG format in web services, combined with its direct
compatibility with graphics processing units (GPUs) without the need for additional encoding
or decoding processes, enhances the efficiency of data binding — defined as the uploading of data
from the CPU/RAM to the GPU/VRAM spaces —and simplifies its integration into existing web
infrastructure.

The execution of code value mapping, through which the data’'s minimum and maximum
concentration values are mapped to the integer range between 0 and OxFFFFFFFF (decimal
4,294,967,295) and interpolated to the nearest integer for intermediate values, enabled the production
of a PNG file representing a single time slice of seven layers of data (Figure 4). This process resulted
in a drastic reduction of the original data size from 4.45GB to 65.5MB (0.0655GB), amounting to a
mere 1.5% of the original volume.
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Figure 4. Optimizing air quality/odor data for Web Services - Using PNG Encoding.

3.2. Wind Flow Marker Animation

The method explained here refers to a visualization technique that represents moving particle
animation based on wind field data to depict the flow of wind on a 3D digital twin, utilizing the
computational capabilities of the graphics card to simulate particles floating in the air which
mentioned in Section 2.2. A wind flow symbol is a type of symbol that visualizes air particles floating
in the wind to represent the wind's flow in animation. By attaching a tail to the particles, the
afterimage effect is enhanced.

Both the head and tail are visualizations of a point shape, differing only in size. Animation is the
process of making static images appear to move by rapidly showing them in a sequence at a speed
that human eyes cannot distinguish. Therefore, by updating and rendering the position of the wind
symbols for each frame, we can make the wind symbols appear to flow like particles (Figure 5).

y y

A

y y

After 1 frame ‘ After 1 frame |

Figure 5. wind flow marker animation concept.

Wind flow markers symbolize the particles in the wind; therefore, the positions of the points
making up the head/tail are the actual spatial positions of the particles recorded for each frame. The
head represents the current position of the particle, and the farther the tail from the head, the more it
corresponds to the particle's position in the more distant past frames. Thus, by remembering the
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particle's position for each animation frame, we can draw a wind flow marker. When visualizing N
particles simultaneously, it is possible by preparing N sets of such memory (Figure 6).
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Figure 6. Memory blocks for rendering N wind flow markers.

The method of finding the particles' positions in the next frame involves using the wind field (u,
v) grid data (Figure 7).
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Figure 7. A method for calculating the movement positions over time to represent the continuous
motion of particles within a wind field.

The wind vector applied to the current position of the particle is calculated using bi-linear
interpolation. Then, by using the time interval between animation frames, the position is determined
through vector Equation (1):

D= P+ VAL 1)

next™ £ oeur

The schematic representation of these techniques can be expressed in the following flowchart
(Figure 8).
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Figure 8. Schematic representation of wind symbol animation technique.

The technique applied involves processing the vector information of the wind field received
from the server and the particle's position information in a time-parallel manner on the graphics card
to display them on the screen. The following diagram (Figure 9) illustrates the rendering process
according to the aforementioned flowchart.
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pos

finding next marker head position
Figure 9. Diagram of the wind flow marker visualization process.

4. Result and Conclusion

In this study, to visualize the air quality/odor modeling data by transmitting a large amount of
data to a web browser, we presented a method to encode the data in the form of PNG graphics to
efficiently realize the phenomenon of the spread of pollutants in the digital twin space without loss
of information. The figure below is the result of visualizing the atmospheric modeling results in the
digital twin area of 13km x 13km x 200m for one year (Figure 10).
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Figure 10. atmospheric modeling results in the digital twin area of 13km x 13km x 200m for one
year.

Next is the result of visualization technology through graphics card computational processing
that enables wind marker animation in 3D space (Figure 11). This technique involves directly
drawing and updating wind symbols on the screen in each frame, allowing for continuous
visualization even in vertical visualization scenarios where the height of the horizontal intersection
plane can be controlled. It is applicable not only when 3D spatial information is visualized on a web
browser's screen but also when the wind field data is available at different altitudes.
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Figure 11. Wind flow markers by regional temperature: (a) throughout Jeju Island; (b) zoomed-in on

a specific area of Jeju Island.

In this paper, we introduced a technology for visualizing the non-visible element of wind flow
in environmental impact assessments in a 3D web environment. The wind data on the digital twin
platform has the spatiotemporal characteristics of time and 3D space, which cannot be visualized
using traditional 2D-based wind data visualization techniques. To overcome this limitation, our
research utilized a method of memorizing particle positions frame by frame and rapidly drawing
wind symbols to visualize the wind data. This approach enables easy visualization of temporal wind
data on the web and provides the flexibility to explore and visualize wind data along vertical planes.
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(a) (b)

Figure 12. Continuous simultaneous visualization of wind fields at multiple altitudes: (a) Jeju airport;
(b) Golf course.

The development of these visualization techniques is expected to ultimately enhance the
understanding of environmental impacts among key stakeholders, particularly the public, and
facilitate communication among stakeholders. By visualizing the non-visible elements of
environmental impact assessments, such as wind flow, in an accessible and interactive manner, these
techniques can contribute to raising awareness and improving understanding of environmental
impacts. This, in turn, can promote meaningful engagement and communication between different
stakeholders involved in the environmental assessment process.
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