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Abstract

With the emergence of Survey 4.0, the oil and gas (O & G) industry is now considering
spatial digital twins during their field design to enhance visualization, efficiency, and
safety. O & G companies have already initiated investments in the research and develop-
ment of spatial digital twins to build digital mining models. Existing studies commonly
adopt surveys and case studies as their evaluation approach to validate the feasibility of
spatial digital twins and related technologies. However, this approach requires high costs
and resources. To address this gap, this study explores the feasibility of the informed ar-
gument method within the design science framework. A land survey data model (LSDM)-
based digital twin prototype for O & G field design, along with 3D spatial datasets located
in Lot 2 on RP108045 at petroleum lease 229 under the Department of Resources, Queens-
land Government, Australia, was selected as a case for this study. The ISO/IEC 25010
model was adopted as a methodology for this study to evaluate the prototype and Digital
Twin Victoria (DTV). It encompasses eight metrics, such as functional suitability, perfor-
mance efficiency, compatibility, usability, security, reliability, maintainability, and porta-
bility. The results generated from this study indicate that the prototype encompasses a
standard level of all parameters in the ISO/IEC 25010 model. The key significance of the
study is its methodological contribution to evaluating the spatial digital twin models
through cost-effective means, particularly under circumstances with strict regulatory re-
quirements and low information accessibility.

Keywords: spatial digital twin; ISO/IEC 25010; informed argument; oil and gas; mining
geomatics

1. Introduction

Digital technologies have been leveraged in oil and gas (O & G) projects for decades
[1]. The fully integrated O & G projects consist of three sections: upstream, midstream,
and downstream [2]. The upstream section undergoes five different stages, such as explo-
ration, appraisal, development, production, and decommissioning [3]. Field design is con-
sidered a pivotal activity of the development stage in any O & G project [4]. In the context
of Australia, O & G field design involves conceptual design, followed by detailed design,
the approval of the design from various stakeholders, and archiving into a spatial infor-
mation system [5]. The key assets involved in field design include rigs, access roads, gath-
ering pipeline systems, utility services, and facility structures [6,7].
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With the emergence of Industry 4.0, O & G projects are significantly integrating dig-
ital technologies such as digital twins, autonomous robots, simulations, system integra-
tion, Internet of Things (IoT), cyber security, cloud computing, additive manufacturing,
augmented reality (AR), and big data to enhance their operational efficiency, safety, and
decision-making process [8]. A key advancement within the digital twin sector is the spa-
tial digital twin, which is defined as a digital twin (3D/4D virtual reality) with a specific
spatial context and which provides a holistic, dimensionally accurate, and location-based
representation of assets, infrastructure, and systems [9]. For industries that predominantly
rely on spatial information, such as O & G [6], the development of spatially enabled digital
twins requires the integration of various Survey 4.0 technologies. An article published by
[10] defined Survey 4.0 as the evolution of conventional surveying practices through the
adoption of advanced, integrated, and intelligent technologies, such as global navigation
satellite systems (GNSS), unmanned aerial vehicles (UAVs), light detection and ranging
(LiDAR), building information modeling (BIM), 3D geographic information systems
(GIS), 3D computer-aided drawing (CAD), smart geospatial systems, and loT-based mon-
itoring, which are aligned with Industry 4.0 principles. In addition to this, Survey 4.0 en-
ables automation, real-time data processing, and interoperability to support complex ge-
ospatial applications.

Currently, the O & G industry is significantly investing in the research and develop-
ment (R & D) of digital twins and their related technologies. For instance, in 2024, the
global digital twin market in the O & G industry was valued at approximately USD 109.6
million in 2023 and is projected to reach around USD 912.1 million by 2032, due to its
capability to enhance asset management, safety, and the decision-making process [11].
Figure 1 represents the digital twin market statistics from 2020- 2029. The market has
grown steadily since 2020 and shows a strong inclination after 2025. The figure shows that
by 2029, the market will reach approximately USD 50 billion. Furthermore, a study by [12]
also forecasts that 64.9% of compound annual growth will occur between 2025-2029.

Digital Twin Market Size Outlook (2020-2029)
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Figure 1. Statistics of digital twin markets from 2020-2029 [12].

Similarly, Figure 2 illustrates the implication of digital twins on revenue growth sta-
tus across various industries. The highest revenue growth sectors are oil and gas and the
automotive sectors at 27%. Similarly, building and facilities management and mining are
at a revenue growth of 24%, whereas infrastructure and general manufacturing show a
solid revenue growth rate of 22%. Furthermore, aerospace and defense are at 21%, while
city planning and public safety only manage to generate growth rates of 19% and 13%,
respectively.
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Figure 2. Industrial revenue generated by DT across various sectors [13].

Despite its significant market value and industry revenue growth, the digital twin
development within the O & G industry is still considered emerging, as highlighted in
previous [14-16] research studies. In the context of R & D, digital twins and their related
technologies in any application areas such as smart city, cadastrer and land management,
construction, and mining typically involve four key steps: design, development, demon-
stration, and evaluation [17-19]. Within the information science research community, the
design science framework is considered a widely accepted approach to design, develop,
demonstrate, and evaluate systems, software, and artifacts [20-22]. The latest available
design science framework was developed by [23]. Research scholars [24—26] have adopted
design science frameworks in their study to design, develop, demonstrate, and evaluate
digital twins and their related technologies. Furthermore, while carrying out the evalua-
tion of a digital twin and its related technologies, various approaches, such as survey, case
study, cost-benefit analysis, and experiments, have been utilized, which are detailed in
Section 2.3. However, most of these existing methods require high cost, resources, and
information [23]. Thus, existing approaches of digital twin and its related technologies
have limitations, particularly in regions like Australia, where strict regulatory require-
ments exist for data accessibility in the mining industry (oil and gas).

Therefore, this research aims to explore the feasibility of an alternative, more cost-
effective evaluation approach using the informed argument method of the design science
framework. Informed argument is an evaluation approach where researchers assess arti-
facts through reasoning and argue that it fulfills the defined requirements [23]. The
ISO/IEC 25010 model is utilized to achieve the aim of this study due to its worldwide
acceptance for assessing any software, prototype, and systems [27]. The key significance
of the study is its methodological contribution to evaluating the spatial digital twin mod-
els through cost-effective means, particularly under circumstances with strict regulatory
requirements and restricted information accessibility.

The remainder of this article is organized as follows. Section 2 outlines the literature
review on oil and gas field design from an Australian perspective, overview of spatial
digital twins, evaluation approaches of spatial digital twins, and the study rationale. Sec-
tion 3 describes the materials and methods used in this study. Section 4 presents the
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results of this study, followed by discussions in Section 5. Finally, Section 6 provides con-
cluding remarks and future work.

2. Literature Review
2.1. Overview of Oil and Gas Field Design: Australian Perspective

International Association of Oil and Gas Producers (IOGP) legislation states that oil
and gas (O & G) field design approaches are governed by the laws of the project location
country [5]. Consequently, each O & G field design is different from each other. In the
context of Australia, conceptual engineering design, detailed engineering design, stake-
holders” approval, and archiving design data into a spatial information system are four
elementary steps while designing any O & G field [7,15,28]. O & G field design involves
the planning and designing of various infrastructure assets, such as well pads, trunklines,
camps, processing facilities, batters, drainage systems, access roads, high-point drains,
low-point vents, laydown areas, and fences [5,15]. Conceptual engineering design is con-
sidered the foremost step in the O & G field design, and its main purpose is to evaluate
different design alternatives [29]. Similarly, the objective of detailed engineering is to
ground-truth conceptual engineering design through field surveying and make design
adjustments as necessary [30]. Moreover, detailed engineering designs of any infrastruc-
ture asset should be approved by all relevant stakeholders, such as construction lead, sur-
veying lead, cultural heritage lead, environmental lead, health and safety lead, and geol-
ogy lead [28]. Finally, approved design data from all stakeholders are archived into a spa-
tial information system, as mentioned by [6], using the land survey data model (LSDM).

The land survey data model (LSDM), developed by the Geomatics Committee of
IOGP, serves both as a geodatabase template and a guiding data dictionary for all the O
& G projects worldwide. It supports a wide range of applications, such as O & G field
design, geodetic networks establishment, topographic surveys, UAV/LiDAR operations,
vegetation surveys, imagery sourcing, Right-of-Way (ROW) assessments, cultural data
collection, geological studies, environmental surveys, and infrastructure monitoring [6].
There are five major classes in LSDM that encompass environment samples, infrastruc-
ture, shallow intermediate geology, survey measurements, and surface geomorphology
[6,15]. IOGP advised that, as part of utilizing LSDM, survey contractors should supply the
geodatabase of the infrastructure design based on the LSDM geodatabase template [6].
The key purpose of this model is to minimize data replication and redundancy and to
facilitate the consistent archival of infrastructure design datasets into spatial information
systems across all O & G projects.

2.2. Overview of Spatial Digital Twin

In the early 2000s, “Michael Grieves” was the first scholar to coin the digital twin
term within the research community in the context of product lifecycle management [31].
Over the last two decades, the definition of digital twin has been changed, but the funda-
mental concept of the digital twin “3D virtual model” has remained constant. A study
carried out by [14] suggested that a digital twin should not be limited to 3D visualization.
However, it should also include data exchange between a physical asset and its digital
model, data analytics, and advanced 4D visualization. Similarly, in 2022, spatial digital
twin was first coined by the World Geospatial Industry Council in their report on Spatial
Digital Twins: Global Status, Opportunities, and Way Forward [9]. According to the re-
port, at the elementary level, spatial digital twins are geographically based virtual repre-
sentations of real-world objects. Additionally, this report defined spatial digital twin as
the virtual representation of real-world entities and processes by using positioning and
dimensions to uplift the value, insight, and integrity of the virtual model, which, in many
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instances, may be continuously updated at a synchronized frequency and fidelity. Fur-
thermore, spatial digital twin includes numerous technological facets such as IoT sensors,
CAD/BIM, virtual reality, and 3D Web GIS platforms [9,32,33]. Similarly, Australian and
New Zealand Land Information Council (ANZLIC) defined digital twin with a spatial
component as the virtual representation of real-world entities and processes by using po-
sitioning and dimensions to uplift the value, insight, and integrity of the virtual model,
which, in many instances, may be continuously updated at a synchronized frequency and
fidelity [34].

Currently, numerous industries have initiated investing in the research and develop-
ment of spatial digital twins. A study by [9] found that thirteen sectors have initiated the
building of digital twins in the spatial context. The thirteen sectors include A (infrastruc-
ture, utilities, and construction), B (public sector and defense), C (real estate/property de-
velopment/asset or facilities management), D (transport and logistics), E (energy, O & G,
mining, and renewables), F (manufacturing/product development and consumer goods),
G (telecommunications), H (industrial and heavy manufacturing), I (technology and ICT
service providers), J (healthcare), K (agriculture), L (institution, association, or profes-
sional body/organization), and M (finance and insurance). Among these, infrastructure,
utilities, and construction are very strong contributors to digital twin initiatives, whereas
the oil and gas industry is the fifth contributor to digital twin initiatives [9].

2.3. Evaluation Approaches of Spatial Digital Twins

Design science framework is considered a widely accepted tool to design, develop,
and evaluate artifacts in the domain of information science [20-22]. The latest available
design science framework has been developed by [23]. Research scholars have adopted
design science frameworks to design, develop, demonstrate, and validate spatial digital
twins and their related technologies, such as BIM, IoT, and 3D Web GIS. For instance, [24]
developed a conceptual framework for building a demolition waste management system
in Hong Kong based on a design science approach that leverages digital twin technology.
Similarly, [25] developed the BIM-integrated digital twin framework for advanced con-
struction project management using a design science strategy. Similarly, [26] utilized a
design science methodological framework in his PhD dissertation that focused on build-
ing a BIM framework for urban land administration.

Design science framework outlines numerous strategies to evaluate the system/pro-
totype/artifact, which mostly depend on the type of artifact or available resources. Simi-
larly, evaluation strategies can be categorized into two types: naturalistic and artificial
[35]. Naturalistic evaluation strategies include action research, focus groups, interviews,
and case studies, whereas artificial strategies include logical proof, lab experiments, com-
puter simulations, field experiments, and informed arguments. The study in [35] has also
suggested the pros and cons of these evaluation strategies. Higher effectiveness and
higher external validity are two significant advantages that naturalistic evaluation strate-
gies offer to the examining facet of the study [23]. However, more cost and organizational
access are needed to carry out this evaluation strategy. Similarly, an artificial strategy of-
fers merits in terms of financial resources (low cost), few stakeholders, and a faster ap-
proach. Perhaps higher effectiveness might not be obtained in comparison to the natural
evaluation strategy. However, [23,36] signifies that the evaluation approach is always
based on the context, goal, strategies, and available resources. The current evaluation ap-
proaches adopted in research communities are illustrated in Table 1.
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Table 1. Prototype evaluation approaches within the research community with their limitations.

Key Evaluation Limitations Existing
Approaches [23] Studies
Higher cost,
Demonstration (Case Study) resources, and [15,37-41]
time consuming
Cost-Benefit Precise financial
) . : [24]
Analysis information
Experiment Unreal users and numeric validation [42,43]
only
Survey Higher cost, resources, and [26,44-47]

time consuming

Most researchers have adopted the case study as an evaluation approach due to its
reliability. A study carried out by [37] utilized a case study demonstration to validate the
digital twin platform designed to facilitate bridge damage assessment. In this study, real-
world field data measurement was used to validate the functionality of the platform. Sim-
ilarly, another study carried out by [38] developed an integrated blockchain and digital
twin framework for sustainable building energy management. This study also used a case
study of a residential apartment to validate the viability of the developed framework. Fur-
thermore, study [39] on the design and validation of a real-time maintenance monitoring
system using building information modeling (BIM) and digital twin integration leveraged
a data-based anomaly detection technique through a case study for platform functional
validation. Furthermore, [15] also used a case study to validate the functional capability
of the spatial digital twin platforms specifically developed for O & G field design. Like-
wise, [40] demonstrated the 3D land information systems through developing a 3D pro-
totype. Similarly, [41] adopted a case study of a prefabricated building project in China.
All of these studies employed a case study approach to assess the feasibility of a digital
twin platform or its related technological aspects, which required significant costs, re-
sources, and time. Additionally, [24] leveraged a cost-benefit (C-B) approach to assess the
BIM-based waste management. The C-B approach is only suitable and effective if accurate
financial datasets are accessible.

Moreover, previous studies have also utilized numerical experiments as a validation
approach to assess spatial digital twins and their related technologies. For instance, a
study carried out by [42] on the development of an urban digital twin for a spatiotemporal
intelligent framework conducted experiments and generated results for video image ref-
erencing correction, overhead view small target detection (STD), and target tracking based
on the twin network. This approach mainly focused on numerical and functional valida-
tion, with the validation results being limited to unreal users.

Researchers have also adopted surveys as an evaluation approach to assess the fea-
sibility of spatial digital twins due to their reliability. For instance, [26] interviewed twelve
participants to evaluate the BIM model. Likewise, [44], in his master’s dissertation, re-
cruited twenty users to test the usability of a developed 3D cadastral model. Additionally,
[45] conducted a comprehensive survey, interviewing 220 professionals to validate an IoT
and BIM-based conceptual framework for residential building design. Furthermore, [46]
validated the conceptual framework linking BIM and prefabricated building supply chain
resilience through conducting an in-depth interview with a key informant from the se-
lected case study organization. Also, [47] carried out an evaluation of a web-based visual
and analytical geographical information system (GIS) for O & G data through nine re-
searchers and engineers. Despite researchers adopting the survey approach as an evalua-
tion strategy, it requires higher cost, resources, and time consumption.
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2.4. Study Rationale

Table 1 outlines various approaches that have been practiced within the evaluation
of spatial digital twins and their related technologies. However, most of the existing eval-
uation approaches require intensive resources, higher cost, and are time-consuming. In
the context of the Australian mining industry, accessing information and datasets is chal-
lenging, making information accessibility both difficult and time-consuming. Therefore, a
research gap exists in exploring evaluation approaches that are cost-effective, efficient,
and capable of addressing strict data regulatory requirements.

Ref. [23] mentioned the concept of an informed argument in their book, defined as
an evaluation approach where researchers assess artifacts through reasoning, and argued
that it fulfills the defined requirements. The key advantage of the method of informing
argument is that it is inexpensive and very useful for formative evaluations. However,
there is a high probability of researcher bias in derived results. To strengthen the evalua-
tion, feedback from other researchers could be incorporated. There are existing studies
that have also adopted the informed argument approach with single users or very limited
users due to a lack of resources for extensive evaluation to evaluate the framework/arti-
facts/prototypes. For instance, Ref. [48] carried out the heuristic evaluation of SafeTEI of
the COVID support application with just two evaluators. Similarly, another study carried
out by [49] validated the BIM prototype (a GPT-powered assistant for real-time interac-
tions with BIM) based on a single user through multiple parameters, such as functional
queries, error analysis, and response time analysis.

Therefore, a key research question of this study is: How can the informed argument
method be leveraged to assess the spatial digital twin of oil and gas field design? Thus,
the main objective of this study is to explore the feasibility of using the informed argument
method to assess the spatial digital twin and its related technologies of O & G field design
in a resource-constrained environment with limited data availability. To achieve the main
aim of this study, the ISO/IEC 25010 model was adopted. The key reason for selecting this
model is its wide acceptance by industry, academia, and governments for assessing the
quality of software, prototypes, and systems [50]. The ISO/IEC 25010 model assesses pro-
totypes, software, and systems from all aspects that include functional suitability, perfor-
mance efficiency, compatibility, usability, security, reliability, maintainability, and porta-
bility [51].

The key significance of this study lies in its contribution to developing a rapid and
cost-effective evaluation methodology for spatial digital twin in the context of the oil and
gas industry of Australia under conditions of regulatory restriction and limited resource
availability. Overall, this study makes a methodological contribution to the growing body
of research on spatial digital twins.

3. Materials and Methods
3.1. Materials

The land survey data model (LSDM)-based digital twin for oil and gas field design
(prototype), developed by [15], was selected, as shown in Figure 3. The key reason for
selecting the prototype was due to accessibility and it being specifically tailored for O &
G projects. The prototype is a beta version that includes four key facets, such as layers
(red), map interface (blue), navigation bar (yellow), and other miscellaneous components
(pink), as shown in Figure 3.
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Figure 3. Land survey data model-based digital twin for oil and gas field design.

Secondly, existing datasets were accessed, as illustrated in Table 2. The datasets were
available in .kml, .las, and .tif formats. For instance, 3D models (kml) were developed by
integrating as-built data (orthophoto digitization) and 3D point clouds generated through
UAV survey, followed by creating a 3D CAD model using AutoCAD Plant software (Ver-
sion 2024) and embedding LSDM attributes into 3D models through XML scripting. How-
ever, DSM was produced after processing UAV-captured images through Agisoft
Metashape 1.8.0. While processing the raw images in the select coordinate system tab,
GDA94/MGA56 was selected. Thus, the coordinate reference systems (CRS) of all devel-
oped digital twin models, as shown in Table 2, are based on GDA94/MGA Zone 56
(EPSG:28356).

Table 2. Datasets used in this study with their captured methods, positional accuracies, and formats.
Datasets Captured 2D 3D Positional For-
Source Source Method Method Accuracy mats
0.667252 pix
Tri lati f 2D obli R
Point Clouds e ilr(;r;oes ohae re rcf'elc\fiin er as
Raw 2D & Pro)
. ror)
2D Orthophoto GNSS-RTK 08 N/A 13 cm/pix  tf
UAV Tri lati f 2D obli
Digital Surface Model rlangtiation o obtique 2.61 cm/pix tif
survey images
Facilities, Right-of-Way Digitization
(ROW), go 9D 3D modeling in AutoCAD Plant; export 5 em Kl
Pipeline, Road, Well Pad, to KML via NavisWorks ’
. orthophoto
Habitat Area
3.2. Method

The research approach adopted in this study is presented in Figure 4. Firstly, the land
survey data model (LSDM)-based digital twin for oil and gas field design (prototype) was

selected, as discussed in Section 3.1. The key reason for selecting the prototype was due
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to accessibility and it being specifically tailored for O & G. Similarly, the acquired datasets
illustrated in Table 2 are located in Lot 2 on RP108045 at petroleum lease 229 under the
Department of Resources, Queensland Government, Australia.

Secondly, the selected spatial digital twin (prototype) was assessed using the ISO/IEC
25010 model through eight metrics: functional suitability, performance efficiency, com-
patibility, usability, security, reliability, maintainability, and portability. Eight assess-
ments were carried out separately against the respective metrics. The key reasons to select
the ISO/IEC 25010 as part of the research methodology were due to the acceptability of
this framework within the research community. For instance, a study conducted by [52]
proposed an evaluation method to select hardware and Al models for edge applications
in the context of UAV through the integration of ISO/IEC 25010 and multi-criteria decision
analysis (MCDA). Furthermore, a study by [53] also assessed the geoportals” usability
based on the principles of ISO/IEC 25010.

Finally, results were generated and compiled, followed by discussions, presented in
the next two sections.

Evaluation

L

~

ISO/IEC 25010 Model

Functional Performance CamipaTfy
Suitability Efficiency

[ Reliability ] [ Security ] [ Maintainability ] { Portability J

o

/

Figure 4. Research method based on the ISO/IEC 25010 model to evaluate the prototype.

4. Results

The results obtained from each evaluation criterion are systematically presented
through a structured process involving definition, evaluation, and critical reflection.
Firstly, each criterion is clearly defined to establish a consistent evaluation framework.
Secondly, the spatial digital twin (prototype) is evaluated against these predefined crite-
ria, enabling a comprehensive assessment of its performance and capabilities. Finally, a
reflection is presented to interpret the evaluation results, highlighting both strengths and
limitations and identifying areas for potential improvement. Detailed discussions sup-
porting each stage of the process are explained, drawing connections to previous studies.
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4.1. Functional Suitability
4.1.1. Definition

This parameter is defined by three key criteria: functional completeness, correctness,
and appropriateness [54]. Functional completeness evaluates the extent to which a system
includes all necessary functions to meet defined objectives comprehensively [55]. Simi-
larly, functional correctness ensures that the system generates accurate outcomes aligned
with expected results. Further, functional appropriateness assesses how well these func-
tions support users in achieving specific objectives, considering usability and efficiency in
task accomplishment [56]. Together, they ensure a system that not only encompasses the
required functions but also delivers accurate results and effectively aids users in reaching
their goals.

4.1.2. Evaluation

The datasets shown in Table 2 were available in .kml file format and uploaded
through the KML data type using the data-uploading function of the prototype. The out-
puts are depicted in Figures 5-12, respectively.

a. Infrastructure

LSDM infrastructure class includes pipeline, ROW, road, well pad, and facilities lay-
ers. A brief description of each class’s results is presented below.

i. Facilities

Figure 5 illustrates existing 3D facilities, which were successfully visualized, and
their relevant LSDM attributes were displayed on the prototype. In addition to this, to add
relevancy, the 2D well pad layer (gray color) was also turned into a layer interface, as
shown in Figure 5.

€ 5 C O localhost:5173 < % » 0O @ (update )

LAYERS

Infrastructure

“JRoad [ | Facilities
“) Pipeline 8
I ROW Sy
@ 20 WellPad )
@ Facilities 2
Environment

Geology

Survey Measurements
Cultural Heritage

Safety

Others

I DSM O ]

@CESIUM " n n. Plea e defautA o0 with an AP1 key from your ArcGIS Developer account

before usin reGIS tle service

Figure 5. Demonstration of 3D facilities.

ii. ROW

As illustrated in Figure 6, the 3D ROW color (Cyan) was effectively visualized and
its associated LSDM attributes, such as OBJECT ID, SHAPE, LENGTH, PROPERTY,
SOURCE, DESCRIPTION, CAD_LAYER, AND STATUS, were successfully displayed in



ISPRS Int. ]. Geo-Inf. 2025, 14, 294

11 of 29

Road
CIwell
[ Facili

Survey

Safety
Others

LAYERS

Infrastructure

Environment
Geology

Cultural Heritage

the prototype. In addition to this, using the mouse scroll bar wheel, a 3D view was visu-

alized, as shown in Figure 6 (3D view).

View 2D Design Plan [§l Upload Layer

LAYERS
Infrastructure
ROW

(I Road

1 well Pad

C Facilities

[
EICIE

3

Environment

Geology

Survey Measurements
Cultural Heritage
Safety
Others

3D View

Figure 6. Demonstration of 3D ROW.

i1i. Roads

The 3D roads were effectively visualized into a prototype, and relevant attributes
were precisely displayed, as demonstrated in Figure 7. Similarly, using the mouse scroll

bar wheel, a 3D view of the proposed (blue) and existing (orange) roads were interactively

zoomed in and zoomed out, as shown in Figure 7.

View 2D Design Plan Upload Layer

[

= =

Pad
ties

3

Measurements

@CESIUM This appli is using a default ArcGIS ace
unt before using the Ar can sign up for a frea A

Jan
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Figure 7. Demonstration of 3D roads.

iv. Pipelines

The visualization of the pipelines is illustrated in Figure 8. The relevant attributes of
existing pipelines (orange), such as OBJECT ID, SHAPE, LENGTH, PROPERTY, SOURCE,
LENGTH, MATERIAL, DIAMETER, DEPTH, CAD_LAYER, and STATUS are displayed
in Figure 8. Similarly, in Figure 9, pink represents the proposed 3D pipeline.

View 2D Design Plan Upload Layer

LAYERS

Infrastructure
Pipeline

[ Facilities

[ Well Pad
[JRoad
CIROW

-

Pipeline

= -

-
@ o om om om

=

Environment

Geology

Survey Measurements
Cultural Heritage
Safety

Others

Figure 8. Demonstration of 3D pipelines.

v. Well Pads

The well pad data, provided in .kml file format, were effectively uploaded into the
prototype using the KML data type through the data uploading function. The 3D visuali-
zation of the well pads is presented in Figure 10, where the features were accurately ren-
dered. Additionally, the relevant LSDM attributes associated with the well pads were suc-
cessfully displayed in the prototype.



ISPRS Int. ]. Geo-Inf. 2025, 14, 294 13 of 29

View 2D Design Plan Upload Layer
LAYERS — : Q& & @

Infrastructure = < .
Well Pad - : g Well Pad x
[ Facilities -

Environment

Geology

Survey Measurements
Cultural Heritage
Safety

Others

is using a default ArcGIS access token:
13
00 UTC unt before using the Arc . Yo ArcGIS [!e‘.'e\r,vpe.r‘a punt at hitp

I I b z Jar

LAYERS

Infrastructure
Well Pad =
[ Facilities i

Environment

Geology

Survey Measurements
Cultural Heritage
Safety

Others

@CEEIUM This application is using a default ArcGIS ace ken. Pleas

account before using the ArcGIS 5. You can sign up for a free ArcGIS Developer ac

Jar Jal

Figure 9. Demonstration of 3D well pad.

b. Environment (Habitat Area)

Habitat area falls under the environment category in LSDM. The 3D habitat area of
the study area was accurately uploaded, and their relevant attributes, such as OBJECT ID,
SHAPE, NAME, DENISTY, and SOURCE, were successfully displayed in the prototype,
as shown in Figure 10. Also, the habitats’ branches are represented in green, while streams
are depicted in brown in Figure 10 to provide natural habitat characteristics.
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Figure 10. Demonstration of habitat area.

c. Survey Measurements and Others

The point cloud data, provided in .las file format, was uploaded to the Cesium Ion
platform and integrated into the prototype using the corresponding Asset ID (2330619)
from the Cesium database. The 3D point clouds were successfully stored and visualized
under the survey measurement class, as demonstrated in Figure 11. Similarly, the digital
surface model (DSM), generated from the UAV survey and provided in .tif format, was
effectively uploaded using the raster data type. It was categorized and displayed under
the ‘Other’ layer within the prototype, as illustrated in Figure 12.
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Figure 11. Demonstration of 3D point clouds.
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Figure 12. Demonstration of DSM.

4.1.3. Reflection

The developed prototype is capable of successfully performing the tasks, as demon-
strated in Section 4.1.2. Additionally, the LSDM-based attributes, such as OBJECT ID,
SHAPE, CAD_LAYER, LENGTH, and SOURCE [6], of the associated 3D spatial data of
the infrastructure design are successfully populated while clicking on the 3D object. This
demonstrates an effective integration of semantic information within the 3D virtual envi-
ronment, which ultimately supports further spatial queries and enables collaboration
among various field design stakeholders. Moreover, this also ensures the integration be-
tween the 3D spatial and design datasets effectively. Therefore, it enhances the spatial
digital twin capability, which aids informed decision making and effective management
of field design assets.

4.2. Performance Efficiency
4.2.1. Definition

This parameter is defined through three key criteria that include time performance,
resource utilization, and capacity [57]. Time performance measures how well a system
meets requirements in terms of response time, processing speed, and throughput rates
while executing its functions [58]. Similarly, resource utilization evaluates how effectively
a system utilizes various resources in quantity and type while carrying out its functions
to meet specified requirements [51]. Finally, capacity assesses how well the system meets
stipulated requirements concerning its maximum thresholds or limits for specific param-
eters.

4.2.2. Evaluation

To evaluate performance efficiency, the developed prototype was compared with a
similar existing DT platform (Digital Twin Victoria; DTV). The comparison was made
based on the three pre-defined criteria (rendering time, resource utilization, and capacity)
as outlined in the definition section above.

a. Rendering Time
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The rendering time performance of Digital Twin Victoria (DTV) and the prototype
was assessed using eight 3D datasets, which are shown in Table 3. It showed that both
spatial digital twin systems showed similar rendering capabilities across most datasets.
The weight was proportionally distributed across each 3D dataset based on the size (KB).
The statistical analysis revealed that the mean rendering time was slightly higher for the
prototype (9.82 s), compared to DTV (9.2 s), as shown in Table 4. However, when we
weighed by dataset size, the weighted mean rendering time for the prototype (26.5) was
also higher than that of DTV (22.7), primarily due to larger rendering times in point cloud
and digital surface model datasets. The two paired t-tests were conducted for raw render-
ing times and weighted rendering times. The obtained p-value was 0.469 for rendering
time, indicating no statistically significant difference between systems. Furthermore, for
weighted rendering times, the obtained p-value was 0.179, suggesting a moderate differ-
ence but still not significant under the traditional benchmark p-value (p <0.05) [59]. There-
fore, it can be concluded that the overall rendering performance of the prototype is com-
parable to that of DTV, with no significant differences observed across the tested 3D da-
tasets. Minor variations are present, particularly in larger datasets, but they are not statis-
tically meaningful.

Table 3. Rendering time data source [15].

3D Rendering Time (s)
Datasets DTV Prototype Weight
Facilities 13.3 10.7 0.019
ROW 3.3 3.9 0.000
Road 2.7 1.4 0.000
Pipelines 2.6 3.1 0.001
Well Pad 1.3 1.2 0.000
Habitat Area 27 27 0.002
Point Clouds 28.9 33.2 0.409
Digital Surface Model 18.8 22.4 0.569
Table 4. Summary of statistical results (mean, weighted mean, -test).
Parameters DTV Prototype
Mean 9.2 9.82
Weighted mean 22.7 26.5
t-Test p-value (Raw datasets) 0.469
t-Test p-value (Weighted datasets) 0.179

b. Resource Utilization and Capacity

Both the prototype and DTV were developed based on open-source libraries such as
Geoserver, Cesium Ion, and PostgreSQL. Similarly, in terms of capacity, the prototype can
visualize the 3D datasets relevant to field design activities, specifically tailored for specific
O & G projects, utilizing LSDM attributes. This domain-specific capability is significantly
important. However, the DTV is more focused on broader applications within the built
environment and the public sector infrastructure. The prototype can store a maximum of
5 GB of datasets through a Cesium Ion free subscription. However, DTV can manage and
display a wide range of data layers, such as cadastre, transportation, railways, and land
administration, reflecting its focus on urban-scale spatial planning and governance.
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4.2.3. Reflection

The preceding assessment indicates that the developed prototype performs well
across all three criteria: rendering time, resource utilization, and capacity. However, it has
been identified that 5 GB is quite inadequate for the scalability of the prototype. Thus,
further improvements, such as enhancing storage capacity and scalability, are recom-
mended.

4.3. Compatibility
4.3.1. Definition

Compatibility is explained as the extent to which a system is capable of both sharing
information with other systems and executing its intended functions within a common
hardware or software environment [27]. This attribute consists of the two key underlying
criteria that include co-existence and interoperability [51]. Co-existence refers to the level
at which a system maintains efficient functionality while sharing resources and an envi-
ronment with other systems without causing any negative impact on those other systems
[60]. Interoperability, on the other hand, signifies the extent to which multiple systems can
effectively exchange information and utilize the exchanged information for their respec-
tive purposes [54].

4.3.2. Evaluation

To evaluate the compatibility, the developed prototype was compared with the Dig-
ital Twin Victoria (DTV), based on two key criteria: co-existence and interoperability.

In terms of co-existence, DTV demonstrates the ability to access and visualize the
datasets from external sources via direct URL links, whereas the prototype can store the
datasets on Cesium Ion through Asset ID, as presented in Table 5. In the context of in-
teroperability, both the prototype and DTV are capable of accessing and rendering various
3D data formats that are supported by Cesium Ion. This ensures the ability to store and
visualize diverse 3D objects, regardless of their source formats, facilitating integration
within different digital twin ecosystems.

Table 5. Data uploading interface of the prototype and Digital Twin Victoria (DTV).

Prototype DTV

Add Layer
2D Dataset 3D Dataset

Select Dataset Type
[ Cesium Asset v]

Add Cesium 3D Tileset
LSDM Class
Select... v
Layer Name
Enter layer name
Asset Id

Enter asset id

4.3.3. Reflection
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The above assessment signifies that the prototype is compatible while assessing with
DTV, as the prototype shares the same capability as DTV in terms of accessing and ren-
dering various 3D data formats supported by Cesium lon.

4.4. Usability
4.4.1. Definition

The definition of usability is the extent to which a system, within a specified context
of use, enables specified users to achieve predefined goals with effectiveness, efficiency,
and satisfaction [60]. This parameter comprises criteria which include appropriateness,
learnability, operability, user error protection, user interface aesthetics, and accessibility
[57]. The definitions of each criterion are illustrated in Table 6.

Table 6. Definitions of appropriateness (Ap), learnability (L), operability (O), user error protection
(UEP), user interface aesthetics (UIA), and accessibility (Ac).

Criteria
Source Definition
[27]
Ap The extent to which users can determine if a system aligns with their requirements and is suitable
for fulfilling their needs.
L The extent to which specified users can achieve their intended goals of learning to use a system ef-
fectively, efficiently, safely, and with satisfaction within a specific context of use.
®) The extent to which a system possesses characteristics that facilitate its ease of use and management.
UEP The level at which a system safeguards users from making mistakes or errors.
UIA The extent to which a user interface allows for enjoyable and satisfying interaction from the user.
Ac The level to which a system can be utilized by individuals with diverse characteristics and abilities

to accomplish a defined objective within a specific context of use.

4.4.2. Evaluation

To evaluate the usability, the prototype was assessed against the six criteria outlined
above. Firstly, it could certainly be stated that the prototype is appropriate for the field
design process of the O & G project and was developed focusing on a specific industry-
standard LSDM. Therefore, the prototype is appropriate (Ap) and has good learnability
(L). Secondly, the prototype only contains the datasets that are specifically relevant to the
O & G project. For instance, DTV entails a large set of the built environment, cadastre, and
urban planning datasets, which might not be useful for the field design process. Therefore,
the prototype is simple to operate (O) in the context of the O & G project. Following this,
the user interface aesthetics (UIA) of the prototype are decent. It contains 3D zoom-
in/zoom-out functionalities, 3D format selection, and an LSDM class section. Further, ac-
cessibility (Ac) can be easily enhanced by hosting it on a cloud/web server. In addition to
this, prototype user error (UEP) was not directly validated, as it is in a beta version. Per-
haps the use of open-source libraries such as Cesium]S, GeoServer, and PostgreSQL in-
herently supports a degree of error protection. These libraries enforce the datasets’ schema
constraints and confirm data requests. Thus, it can be concluded that the prototype sup-
ports a basic level of user protection at the beta version stage.

4.4.3. Reflection

The above assessment signifies that the prototype is less polished and requires en-
hancements in the user interface, web hosting, and real-time support (4D datasets). Fur-
ther, the prototype also needs to offer error prompts, onboarding features, and user-cen-
tric feedback for the O & G stakeholders.
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4.5. Reliability
4.5.1. Definition

The extent to which a system fulfills specific functions within predefined conditions
and over a specified duration is referred to as its reliability [27]. This parameter can be
assessed by maturity, availability, fault tolerance, and recoverability [55]. The level to
which a system satisfies reliability requirements during regular operation is defined as
maturity. Similarly, availability can be defined as the extent to which a system is available
and accessible as needed for its intended use [60]. The degree to which a system continues
to function according to its intended design despite the existence of hardware or software
faults is termed fault tolerance [56]. Further, the level at which a system, when facing an
interruption or failure, can retrieve the affected data and restore the system to its desired
state is known as recoverability [27].

4.5.2. Evaluation

To evaluate the reliability of the prototype, it was again compared with the Digital
Twin Victoria (DTV) using the criteria that include maturity, availability, fault tolerance,
and recoverability. In terms of maturity, the prototype is mature within the scope of the
study. However, DTV is better in terms of maturity, as it is developed through a govern-
ment-funded project and encompasses various functionalities, such as georeferencing ca-
pabilities, access control, etc. The prototype can perform the specific required functions
(visualization of the 3D object based on LSDM). In terms of availability, the Victoria mod-
els might not be very reliable in the future, and it is not open to the public. For instance,
there was a similar DT platform (QLD DT) which is no longer accessible to the public. It
is uncertain how long these government-funded projects will be accessible to the public.
On the other hand, the prototype cannot be accessed against the availability, as it is limited
to the local server. In terms of fault tolerance and recoverability, the existing DTV has a
data backup system in case of system faults/system crashes. The prototype is also capable
of backing up the datasets in localhost.

4.5.3. Reflection

The above assessment implies that the prototype is reliable within the scope of the
study because it can perform the core field design functionalities based on LSDM. How-
ever, the prototype is still in a beta version/immature, compared with the DTV, which was
developed by a government-funded project. The key recommendations are to deploy the
prototype into a web/cloud server, implement backups, and restore workflows. In addi-
tion to this, it is recommended that prototype maturity should be gradually increased
through integrating the version control, access permissions, and session recovery.

4.6. Security
4.6.1. Definition

This parameter signifies the extent to which a system safeguards information and
data, ensuring appropriate access levels based on authorization types and levels [27]. The
parameter needs to be assessed through confidentiality, integrity, non-repudiation, ac-
countability, and authenticity, as illustrated in Table 7.
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Table 7. Sub-criteria of the security parameters and their definitions.

Criteria

Definition Source

Integrity

The level at which a system pre-
vents unauthorized access to or al- [51]

teration of computer programs or
data

Nonrepudiation

The degree to which actions or
events can be reliably proven to
have occurred, eliminating the pos-
sibility of later denial

[55]

The level at which the actions of an

Accountability entity can be distinctly traced back [27]

to that specific entity

Authenticity

The extent to which the claimed
identity of a subject or resource can [54]
be convincingly verified or proven

4.6.2. Evaluation

This parameter is typically evaluated when a system is released to the market for
real-world business applications. In this study, the system under consideration is a beta
version of the prototype. Nevertheless, the security parameter was assessed based on the
capabilities of the underlying libraries, including PostgreSQL, Cesium Ion, and Ge-
oServer. With regard to integrity, PostgreSQL enforces data structure constraints, while
GeoServer allows for the restriction of access to specific layers. However, in terms of non-
repudiation, the prototype does not currently provide audit trails or logging services. Ad-
ditionally, the system uses default or shared access credentials, lacking user-specific roles
or an integrated authentication mechanism. Furthermore, there is no implementation of
token-based verification, as the prototype is currently hosted on a local server.

4.6.3. Reflection

To strengthen the security of the prototype, several improvements are recommended.
Firstly, implementing role-based access control and row-level security in PostgreSQL,
alongside restricting data access in GeoServer, would enhance data integrity and prevent
unauthorized modifications. Enabling pgAudit in PostgreSQL and activating request log-
ging in GeoServer are crucial steps to support non-repudiation, allowing system admin-
istrators to trace user actions effectively. To ensure accountability, the system should
adopt individual user logins and integrate authentication protocols such as LDAP or
OAuth2. Moreover, authenticity can be significantly improved by hosting the system over
HTTPS with a CA-signed SSL certificate and introducing JWT tokens for secure user ses-
sion management. Finally, incorporating user error protection mechanisms, such as con-
firmation prompts for critical actions, input validation, and undo functionality, will safe-
guard against accidental user errors and enhance overall system usability.

4.7. Maintainability
4.7.1. Definition

This parameter denotes the level of effectiveness and efficiency in modifying, correct-
ing, or adapting a system to enhance its performance or align it with changes in the envi-
ronment and evolving requirements [51]. It encompasses several criteria, which are mod-
ularity, reusability, analyzability, modifiability, and testability [27]. The criteria are illus-
trated in Table 8.
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Table 8. Sub-criteria of the maintainability parameters and their definitions.

Criteria

Definition Source

Modularity

The extent to which a system com-
prises distinct components, ensur- [54]
ing that changes to one component

have minimal impact on others

Reusability

Degree to which an asset can be uti-
lized across multiple systems or can
be employed in constructing other
assets

[56]

Effectiveness and efficiency in eval-

Analyzability uating the effects of intended [55]

changes to parts within a system

The level at which a product or sys-
tem can be modified effectively and

Modifiability efficiently without introducing de- [60]

fects or compromising existing
quality

Testability

The effectiveness and efficiency in
establishing test criteria for a sys-
tem, product, or component and [51]
conducting tests to verify whether
those criteria are met

4.7.2. Evaluation

The developed prototype was assessed with the above-mentioned criteria. In the con-
text of modularity, the developed prototype has discrete components, such as a database
management system, map server, and visualization components, which are inde-
pendently handled through the backend and frontend systems. Similarly, in the context
of reusability and modifiability, the prototype developed through this study can be easily
replicated and modified by other oil and gas companies, and the prototype can be en-
hanced as per their requirements in the field design process, as it is specifically designed
for this purpose. Similarly, analyzability and testability are the criteria that need to be
assessed when the prototype is tested across the stakeholders of the field design process
of the O & G project.

4.7.3. Reflection

To enhance the maintainability of the developed prototype, several improvements
are recommended. First, although the system demonstrates a modular structure with dis-
tinct components, such as the database, map server, and visualization engine, it is essen-
tial to provide comprehensive technical documentation and standardized interfaces (e.g.,
APIs) to support integration, troubleshooting, and future enhancements. Second, while
the prototype shows potential for reuse in similar oil and gas projects, its reusability can
be improved by generalizing components to accommodate broader field design or geo-
spatial applications within the O & G projects. Furthermore, as analyzability and testabil-
ity have not yet been evaluated, it is crucial to engage end-users and stakeholders in for-
mal testing phases. This will help to identify usability issues, functional limitations, and
maintenance concerns at an early stage. Additionally, the prototype should incorporate
error-logging, performance monitoring, and automated testing frameworks to support di-
agnostic activities and ensure long-term system sustainability.
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4.8. Portability
4.8.1. Definition

The degree of effectiveness and efficiency with which a system can be shifted from
one hardware, software, or operational environment to another is called explanation [27].
This characteristic encompasses adaptability, ‘installability’, and replaceability [58].

The extent to which a system can be efficiently and effectively adjusted to suit diverse
or changing hardware, software, or operational environments is called adaptability [57].
Similarly, ‘installability” is the level of effectiveness and efficiency in successfully in-
stalling and/or uninstalling a system within a specified environment [27]. The degree to
which a system can replace another specified software for the same purpose within the
same operational environment is called replaceability [55].

4.8.2. Evaluation

In terms of adaptability and replaceability, the developed prototype can be easily
deployed to the O & G field design project context to store the 3D spatial data of the in-
frastructure designs. For instance, independent prototypes such as Digital Twin Victoria
(DTV) are primarily focused on urban planning and spatial data management [61]. In con-
trast, our prototype is specifically tailored to support oil and gas projects, with a particular
emphasis on field design processes. The developed prototype is based on LSDM attrib-
utes; therefore, it can exactly replace the current 2D spatial information system that is cur-
rently used in the field design process of the O & G project. As this is a web-based model,
the “installability” is not relevant in this context.

4.8.3. Reflection

While the prototype demonstrates strong adaptability within the oil and gas field
design context, its applicability to other domains (construction of O & G fields) remains
untested, limiting broader adaptability. Although installability is considered irrelevant
due to its web-based nature, providing alternative deployment options, such as contain-
erized or offline versions, would enhance its practicality in varied environments. Address-
ing these aspects will improve the overall portability and deployment flexibility of the

prototype.

4.9. Results Validation Using MCDA AHP Approach

To support the above results, further validation was carried out between the proto-
type and Digital Twin Victoria (DTV), based upon all eight metrics of ISO/IEC 25010. The
further validation process was based upon the MCDA-AHP approach [62].

4.9.1. Determine Criteria Weights

The scoring was calculated based on the judgements carried out between Sections
4.1-4.8 using Saaty’s fundamental scale [63]. The fundamental scales are extremely strong
(9), very strong (7), strong (5), moderate (3), equal (1), and reverse (1/3, 1/5, 1/7, 1/9).

4.9.2. Pairwise Comparison and Normalized Matrix

The prepared pairwise comparison matrix and normalized matrix are shown in Table

9a,b.
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Table 9. (a). Pairwise comparisons of all eight metrices using Saaty’s fundamental scale. (b). Nor-

malized matrix of all eight criteria prepared for calculating consistency ratio.

(@)

Criteria FS PE C U R S M P
Functional

Suitability 1 3 5 7 7 9 9 9

(FS)

Performance Efficiency (PE)  1/3 1 3 5 5 7 7 9
Compatibility 1/5 1/3 1 3 3 5 5 7
©

Usability

1/7 1/5 13 1 3 3 5 5
L)
Reliability 1/7 15 13 1/3 1 3 3 5
(R)

Sec(‘;lty 1/9 w15 13 13 1 3 3
Mamt?;/r[‘)ablhty 1/9 o5 15 13 13 1 3
Portability (P) 1/9 1/9 1/7 1/5 15 13 13 1

(b)

Criteria FS PE C U R S M P Weight
Functional

Suitability 04211 0.604 04847 04357 03524 03139 027 02143 03870125

(FS)

Performance Efficiency (PE) 0.1404 0.2014 0.2908 0.3112 0.2517 0.2442 0.21 0.2143 0.233

Comrzglb‘hty 00842 0.0674 00969 01867 0151 01744 015 01667  0.1346625
US?S)IIW 00601 0.0403 0.0323 00622 0151 01047 0.15 0.119 0.08995

Reliability

® 00601 0.0403 0.0323 00207 0.0503 0.1047  0.09 0.119 0.064675

Sec(‘;lty 00467 0.0286 00194 00207 0.0168 0.0349 0.09 00714  0.0410625
Mamt?ﬁ;blhty 00467 0.0286 00194 00124 00168 0.0116 0.03 00714  0.0296125
Portability

P) 0.0467 0.0201 0.0138 0.0124 0.0101 0.0116  0.01 0.0238 0.0185625

4.9.3. Calculating Consistency

Amax = consistency vector/8 = 8.6515

whereas consistency vector = 8.6703

CR= < =0.0660

CR
where CR = consistency ratio, CI = consistency index, and RI = random index [62]
Cl= Ama_x —% = 0.0931. As the CR value is <0.1, that signifies that the judgements that

have been carried out throughout Sections 4.1-4.8 are consistent and valid.

5. Discussion

The comparative evaluation between Digital Twin Victoria (DTV) is shown in Table
10, and the developed prototype demonstrates that the prototype performs well across
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several key criteria. In terms of functional suitability, the prototype exhibits commendable
completeness, achieving a performance comparable to that of DTV. Regarding perfor-
mance efficiency, although the prototype’s weighted means rendering time (26.5 s) is
slightly higher than DTV’s (22.7 s), statistical analysis using a t-test indicates no significant
difference, suggesting that both systems offer similar rendering capabilities. Both plat-
forms score highly on compatibility, with the prototype effectively supporting a variety
of 3D datasets, although its integration scope is narrower compared to DTV’s broader
system compatibility. The usability of the prototype is rated as moderate, reflecting a less
polished interface compared to DTV’s sophisticated user experience, which can be at-
tributed to the prototype’s beta development status. In terms of reliability, the prototype
currently exhibits stability issues, such as occasional crashes, highlighting its early-stage
development, while DTV remains stable and robust. The security aspect reveals a notable
gap, with the prototype providing only basic security features, in contrast to the higher
security standards implemented in DTV. Regarding maintainability, the prototype is
rated moderately; it benefits from agility and adaptability but lacks the structured support
and maturity associated with the government-backed DTV. Lastly, the prototype excels
in portability, offering easier deployment within oil and gas projects, whereas DTV has a
moderate rating reflective of its focus on broader urban applications. In summary, the
prototype represents a promising, domain-specific solution with competitive functional
and performance attributes. However, it requires further enhancement, particularly in re-
liability, security, and usability, to attain the maturity and robustness exhibited by estab-
lished platforms such as DTV.

Table 10. Summary of the comparison synthesis table between DTV and the prototype.

AHP DTV P
Criteria . rototype Evaluation
Weight Score Score
Functional Suitabil Prototype achieved
0.38 Excellent Excellent commendable func-

it
Y tional completeness

Both systems offer

Performance Effi-

Rendering time

Rendering time

similar rendering ca-

ciency 0.22 weighted mean weighted mean  pabilities (t-test signi-
(22.7 s) (26.55) fies no statistically
significant difference)
Prototype also sup-
Compatibility 0.13 High High ports various 3D da-
tasets
. High Moderate Prototype is in beta
Usability 0.08 (Sophistgicated) (Less polished) \}g)rsion
Reliability 0.06 Stable Crashes Prototype o beta
version
Prototype does not
Security 0.04 High Basic have a high level of
security
DTV has government
Maintainability 0.02 High Moderate supPort; the proto-
type is more agile but
less structured
Prototype can be eas-
Portability 0.01 Moderate High ily deployed in the O

& G projects
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Similarly, the quality of this study can be evaluated through the strengths, weak-
nesses, opportunities, and threats (SWOT) model, as demonstrated by [57] in their study
in the context of BIM for landscape design, with a focus on climate adaptation planning.
Firstly, the key strength of this study lies in its novel methodological contribution and the
integration of informed argument and the ISO/IEC 25010 model to evaluate the spatial
digital twin in regulated, resource-constrained projects. This methodological innovation
addresses the current research gap, where most of the existing research approaches have
explored case studies or survey methods to validate the digital twin or its related technol-
ogies, which are high cost, time consuming, and require extensive resources. However,
the scope of this research is confined to the O and G field design context. While this focus
enhances the internal validity of findings, it limits the generalizability across other do-
mains. This limitation also presents a significant opportunity. Future research may apply
the same approach to adjacent domains, such as BIM, 3D land administration, and smart
infrastructure planning, which could enhance its reliability. A potential threat of this
study is that the results generated from this research have not been compared with other
established empirical methods, such as stakeholder interviews or large-scale surveys. As
suggested by [64] in case study research design, triangulation of data sources enhances
construct validity. Incorporating such methods in future studies would improve the over-
all credibility of the findings. This study contributes to a growing body of knowledge that
seeks to embed rigorous evaluation standards, such as those in ISO/IEC 25010, into the
assessment of emerging digital twin technologies in a complex domain.

6. Conclusions and Future Work

This study explored the feasibility of the informed argument method to assess the
spatial digital twin (prototype) of O & G projects where there are limitations in resources
and data accessibility. The developed prototype was assessed across eight key quality di-
mensions and benchmarked against Digital Twin Victoria (DTV), and results were further
validated using Analytic Hierarchy Process (AHP) weights and structured comparisons.
The results reveal that the prototype achieves a high level of functional suitability, with
comparable performance to DTV. Although the prototype exhibited a slightly higher ren-
dering time, t-test results confirmed no statistically significant difference, indicating sim-
ilar performance efficiency. Furthermore, the prototype performs well in compatibility
and portability, demonstrating strong potential for deployment in domain-specific envi-
ronments, such as O & G and mining projects. However, the evaluation also highlights
key limitations. In its current beta version, the prototype presents lower performances in
usability, security, and reliability, primarily due to limited polish, basic authentication
mechanisms, and occasional system crashes.

The quality of this study was evaluated using a SWOT framework. The key strength
lies in its methodological novelty and the integration of informed argument with the
ISO/IEC 25010 model suitable for resource-constrained and regulated environments. This
addresses a clear gap in current literature, where digital twin validation often depends on
high-cost, resource-intensive methods such as extensive surveys or empirical trials. How-
ever, this study is limited to a single case in the O & G sector, which constrains the gener-
alizability of the results.

The results of this study are limited to a case study that was carried out on the specific
spatial digital twin beta version prototype and its associated 3D spatial datasets. Further-
more, this research only compared the prototype to Digital Twin Victoria. In addition to
this, final validation of digital twins has not been performed using traditional geodetic
methods to confirm their accuracy and reliability in the real world. The results generated
from this research mostly focused on the ISO/IEC 2510 criterion through the informative
argument method. Nonetheless, the results generated from this study are limited to single
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users. Therefore, to further validate the results obtained from this study, other additional
reliable and expensive methods, such as interviewing the subject matter experts (SMEs),
could be employed. This evaluation approach adds value to the reliability of the devel-
oped approach through this study and ensures a genuine business perspective for further
enhancements of the prototype. The main contribution of this study lies in its develop-
ment and application of a cost-effective methodology for assessing spatial digital twin
models under a complex, regulated, industrial context, with limitations in resources and
data accessibility.
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