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Abstract: Existing scholarly literature on the Gaussian Splatting algorithm has predominantly concentrated on 
improving the rendering and reconstruction of three-dimensional objects, as well as exploring its applications in 
various academic disciplines, such as medicine, robotics, and mapping, while being limited to local coordinate 
systems. This study describes the development of a 3D scene modelled using the Gaussian Splatting algorithm, 
featuring accurate distance and position geometry based on three.js. The developed 3D scene was then evaluated with 
precise position and distance coordinates in the field and compared to the established SfM-MVS (Structure from 
Motion-Multi View Stereo) algorithm. The findings demonstrate that the proposed development successfully 
generated three.js-based 3D scenes with global coordinate compatibility, utilising the Gaussian Splatting algorithm, 
achieving the same level of position and distance accuracy as the SfM-MVS algorithm, with a 95% confidence level 
using a T-test. This research concludes that the developed approach is successful and can be further expanded for 
various scientific fields that require accurate position and distance information using the Gaussian Splatting 
Algorithm. 
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Introduction 

Over the past several years, three-dimensional modelling approaches have garnered substantial attention and 
application across diverse academic disciplines, encompassing domains such as computer vision and 
geospatial analysis (Karnawat et al., 2023). The Gaussian Splatting algorithm remains a prominent approach 
in the field of three-dimensional modelling, even with the emergence of more recent techniques such as Neural 
Radiance Field (NeRF) (Mildenhall et al., 2022; Petrovska et al., 2023; Rabby and Zhang, 2023; Tancik et al., 
2023; Warburg et al., 2023). This method represents 3D scenes through the utilisation of a collection of three-
dimensional Gaussian distributions, where each Gaussian distribution is defined by a position vector and a 
covariance matrix (Kerbl et al., 2023). This enables the Gaussian Splatting algorithm to generate detailed and 
comprehensive three-dimensional scenes while maintaining a smaller file size and reduced computational 
requirements. 
 
Recent studies examining the Gaussian Splatting algorithm have predominantly focused on improving the 
rendering (Fei et al., 2024; Kerbl et al., 2023; Luo et al., 2024; Matsuki et al., 2023) and reconstruction (G. 
Chen and Wang, 2024; Malarz et al., 2023; Qin et al., 2023; Wu et al., 2024) of three-dimensional objects, in 
addition to its utilization across various fields including medical (Y. Chen and Wang, 2024; Liu et al., 2024), 
robotics (Fei et al., 2024; Matsuki et al., 2023), and mapping, while still employing local coordinate systems 
(Fei et al., 2024; Luo et al., 2024; Matsuki et al., 2023). Existing literature has not explored the application of 
the Gaussian Splatting algorithm to generate 3D scenes with accurate global coordinates above the Earth's 
surface. This capability could hold great potential, as the Gaussian Splatting method's ability to create 
lightweight, high-fidelity 3D models could solve many problems requiring precise position and distance 
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information in global coordinate systems. 

To address this gap, this study aims to develop a three.js-based 3D scene that leverages the Gaussian Splatting 
algorithm to achieve accurate distance and position geometry. The methodology involves the development of 
a viewer system, built upon the three.js library, to render 3D scenes generated via the Gaussian Splatting 
algorithm. Accurate georeferencing is achieved through the integration of external transformation data 
obtained from Structure-from-Motion software, consistent with the approach described by Tavani et al. (2014), 
ensuring the establishment of precise global coordinates before the Gaussian Splatting process. The developed 
approach undergoes rigorous validation via empirical field testing and comprehensive statistical analysis, with 
performance benchmarked against the established SfM-MVS method. This comparative assessment, consistent 
with validation methodologies employed in prior scholarly research (Apriansyah and Harintaka, 2023a, 2023b; 
Balloni et al., 2023; Condorelli et al., 2021; Elkhrachy, 2021; Hillman et al., 2021; Kovanič et al., 2023; Li et 
al., 2024; Mandaya, 2020; Mokroš et al., 2021; Murtiyoso et al., 2024; Negara and Harintaka, 2021; Petrovska 
et al., 2023; Xie et al., 2023; Zainuddin et al., 2024; Zhou et al., 2022), aims to ascertain and confirm the 
accuracy of both positional and distance geometry. 

In assessing positional accuracy for geospatial data, two primary metrics are used: Circular Error at 90% 
confidence level (CE90) and Linear Error at 90% confidence level (LE90), which refer to the regulation of 
Badan Informasi Geospasial (2018). CE90 quantifies horizontal accuracy, defining the radius within which 
90% of horizontal positions are anticipated to lie. Conversely, LE90 represents vertical accuracy, delineating 
the elevation error range encompassing 90 percent of the data points. Complementing positional accuracy 
evaluation, statistical validation is performed using the T-test. The T-test, a parametric statistical method, 
facilitates the determination of statistically significant differences between data sets (Gaussian Splatting with 
SfM-MVS), provided that the data first meet the assumptions of normal distribution as described by Ghilani 
(2017). A more detailed exposition on the application of Independent Check Points (ICP) for CE90 and LE90 
assessment, alongside the methodologies of the T-test, is provided within the Data and Method section. 

The key objectives of this research are: 1) to develop a system capable of conveniently displaying 3D scenes 
generated using the Gaussian Splatting algorithm and transforming them from local to global coordinates on 
the Earth's surface; and 2) to evaluate the results of 3D scenes converted to global coordinates through field 
data assessment and statistical comparison to the previous SfM-MVS algorithm. This study hypothesises that 
the development of a 3D scene viewer using three.js will result in 3D scenes with accurate geometry and object 
positions on the Earth's surface. 

Data and Method 
 

The Tugu Temple in Semarang City was selected as the case study site due to its varied colours and 
straightforward geometric structure, which are beneficial for assessing positional and distance accuracy. This 
project also serves the secondary objective of documenting this historically significant but less widely 
recognised cultural heritage site. The temple, situated on Tugurejo, Tugu District, Semarang City, Central Java, 
with geographic coordinates of approximately -6.980 latitude and 110.349 longitude, was digitally captured 
via aerial photography utilising a DJI Phantom 4 drone. To facilitate accurate spatial referencing, the site was 
equipped with four control points and three check points, the precise coordinates of which were meticulously 
determined through integrated Global Navigation Satellite System (GNSS) and Total Station (TS) surveying 
techniques. Specifics on the spatial positioning of these points and the process for validating distances are 
presented in Figure 1, while the dataset utilised in this study is presented in Table 1. Specifics on the spatial 
positioning of these points and the process for validating distances are presented in Figure 1, while the dataset 
utilised in this study is presented in Table 1. 
 
Data collection for this research was facilitated by three primary instruments possessing relevant technical 
specifications. For aerial data acquisition, a DJI Phantom 4 drone equipped with a 12.4-megapixel CMOS 
sensor camera was utilised. The measurement of control and check point coordinates in the field was conducted 
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using two types of geodetic Global Navigation Satellite System receivers: Topcon Hiper SR and Hiper II, both 
capable of tracking signals from multiple satellite constellations for high precision. Subsequently, for distance 
and position determination requiring millimetre accuracy, a Sokkia IM-52 Total Station was employed, 
featuring a 2-arcsecond angular accuracy and a reflectorless distance measurement capability up to 500 meters. 
 

 

Figure 1. CP (Control Points) Position for Model Binding, ICP (Independent Check Points) for Position Geometry 
Accuracy Testing, and Test Distance Position for Distance Geometry Accuracy Testing 

 
Table 1. The Dataset Used in This Study 

No Data Sources 
1 Object photo of Tugu Temple DJI Phantom 4 
2 Control Point Coordinates GNSS and TS 
3 Check Point Coordinates GNSS and TS 
4 Object Distance Data GNSS and TS 

 
The required equipment comprises: 1) SfM based software for processing aligned photographs, which are 
bound to control points to obtain camera pose data in the georeferenced COLMAP txt format, as well as marker 
data to obtain transformation information; 2) The Gaussian Splatting processing software, Jawset Postshot, 
was employed with the exported camera pose data; 3) Basic software for developing web-based applications, 
such as Laravel or a similar platform; 4) The three.js library, accessible from GitHub repository at Kellog 
(2025) and mrdoob (2024). 
 
The study is structured in three phases: 1) The preparatory phase, encompassing data preparation and 
application development; 2) The processing phase, which includes SfM-MVS processing in SfM-based 
software, Structure from Motion-Gaussian Splatting (SfM-GS) processing utilising SfM-based software-
Jawset Postshot, and the evaluation of model results within the developed application using validation data; 3) 
The final phase, involving the analysis of position accuracy, distance accuracy, and application development 
result performance. The three phases can be seen in full in Figure 2. 
 
This preparatory phase involves compiling control point and checkpoint data, obtained through GNSS and 
total station surveying techniques, into an Excel format. Parallel research endeavours have implemented 
similar processes (Balloni et al., 2023; Condorelli et al., 2021; Kovanič et al., 2023; Mokroš et al., 2021; Morita 
et al., 2024; Murtiyoso et al., 2024; Petrovska et al., 2023; Xie et al., 2023; Zhou et al., 2022), involving the 
preparation of distance data derived from GNSS and total station measurements, in conjunction with a 
photographic dataset documenting the temple structure. The subsequent step consists of developing a three.js-
based application that leverages resources from the GitHub repositories referenced in Kellogg (2025) and 
mrdoob (2024). The specifics and implementation details of the software development process can be accessed 
through these sources Dzulvikar (2025). 

https://github.com/mkkellogg/GaussianSplats3D/releases
https://github.com/mrdoob/three.js/
https://github.com/mkkellogg/GaussianSplats3D/releases
https://github.com/mrdoob/three.js/
https://github.com/masazfaa/tesisazfa-3DGSViewer


 
 Geoid Vol. 20, No. 2, 2025, 22-34 

25 
 

 
The second stage, the processing phase, commences with Structure-from-Motion processing. This involves 
associating control points within each photograph using SfM-based software, enabling the acquisition of 
camera pose data in the COLMAP format. Furthermore, marker data is obtained, providing detailed 
information regarding the transformation from local to global coordinate systems on the Earth's surface, a 
methodology consistent with that employed by Tavani et al. (2014) to derive camera pose and transformation 
data. The subsequent processing can be divided into several steps: 1) The workflow initiates with the Structure-
from-Motion pipeline, proceeding to the Multi-View Stereo stage, ultimately resulting in the creation of a 
georeferenced mesh model. This approach is consistent with methodologies employed in prior research 
(Condorelli et al., 2021; L. Gao et al., 2022; Gómez-Gutié Rrez et al., 2015), wherein comparable workflows 
are utilised to generate georeferenced mesh models; 2) The second step involves a Gaussian Splatting process 
in Jawset Postshot, using four key data sources from the camera pose data - namely, cameras.bin, images.bin, 
points3D.bin, and all Tugu temple images. The resulting 3D scene remains in the local coordinate system, a 
method that has also been utilized in similar studies (Abramov et al., 2024; Previtali et al., 2024; Sannholm, 
2024); 3) Thirdly, the SfM-MVS model can be directly evaluated using position and distance geometry test 
data with generalized Root Mean Square Error as outlined in Badan Informasi Geospasial (2018) and T-test 
methods, consistent with implementations detailed in the research of Cahyono and Pratomo (2008), Pham et 
al. (2023), and Usud and Sukojo (2014). In contrast, the SfM-GS model is integrated into the developed 
application alongside XML-formatted transformation data, and the same assessment is conducted as on the 
SfM-MVS model. 
 

 
Figure 2. Research Flow Chart 

The validation design further encompasses an examination of the developed system's positional accuracy 
through CE90 and LE90 metrics, signifying horizontal and vertical accuracy standards, respectively. These 
metrics are ascertained utilising ICP as validation data, adhering to the technical specifications for spatial data 
accuracy outlined in the Head of the Geospatial Information Agency Regulation Number 6 of 2018 (Badan 
Informasi Geospasial, 2018), thereby establishing the benchmark for acceptable positional accuracy in 
alignment with national geospatial standards. The calculation of CE90 and LE90 generally involves 
multiplying the root mean square error values for the horizontal and vertical position components by their 
corresponding statistical factors to establish error limits at a 90% confidence level, as detailed by Badan 
Informasi Geospasial (2018). Additionally, a statistical validation is performed via a T-Test, a parametric 
statistical methodology, to ascertain whether the Gaussian Splatting model exhibits positional and geometric 
accuracy comparable to the established SfM-MVS model, which serves as the reference dataset. This 
comparison aims to determine the statistical equivalence of the Gaussian Splatting model's accuracy to that of 
the SfM-MVS method. 
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Before conducting the T-test, a normality test is executed, as the T-test assumes normally distributed data. 
Data is deemed normally distributed if the computed Dmax value (the highest difference sample data value) is 
less than the Lilliefors distribution normal test critical value, L-Table, which is determined by the sample size 
and significance level or confidence level (Ghilani, 2017). This criterion signifies that the data does not exhibit 
a substantial departure from a normal distribution. Subsequently, the T-test is performed, wherein the null 
hypothesis posits no statistically significant disparity between the two datasets. For the null hypothesis to be 
accepted, the t-value must have a value inside the t-table interval area (Ghilani, 2017). A confidence level of 
95% is commonly employed, reflecting a consensus within the scientific community that it strikes a reasonable 
balance between precision and the risk of erroneously concluding an effect exists (Ghilani, 2017). A t-value 
located outside the t-table interval area suggests that any observed difference between the SfM-GS and SfM-
MVS datasets is attributable to random variation rather than a genuine divergence in their geometric accuracy. 
This thorough methodology guarantees that the outcomes derived from the Gaussian Splatting process are not 
only positionally precise but also statistically substantiated in comparison to an established methodology. This 
method is akin to the approach undertaken by Cahyono and Pratomo (2008) and Usud and Sukojo (2014). 
 
Currently, no regulations specifically standardise the positional accuracy and distance geometry for 3D models 
generated using non-metric photogrammetry methods. Existing positional accuracy standards, such as those 
published by ASPRS, are primarily intended for metric photogrammetry and do not explicitly address non-
metric techniques, particularly those employing convergent object photo acquisition. To address this 
standardisation gap, this study adopts an alternative validation approach. This involves applying general spatial 
data accuracy standards from the Regulation of the Head of the Geospatial Information Agency and performing 
a statistical T-test on the Structure-from-Motion-Multi-View-Stereo algorithm, which is widely recognised as 
a benchmark in non-metric photogrammetry. 
 
The efficacy of the developed three.js-based 3D viewer in accurately transforming Gaussian Splatting models 
to global Earth coordinates was assessed using simple validation criteria. The developed system is deemed 
unsuccessful or inaccurate if its testing results reveal a significant difference in positional accuracy metrics 
(CE90 and LE90) when compared to the reference SfM-MVS model. This conclusion is further reinforced 
statistically if the T-test indicates a significant difference between the two algorithms, leading to the rejection 
of the null hypothesis at the predetermined significance level. 
 
Results and Discussion 
 
Application Development Results 
 
The study has successfully developed an application that integrates Gaussian Splatting, a technique originally 
designed for local coordinate rendering, into a system capable of precise geospatial representation. This 
achievement demonstrates the versatility of Gaussian Splatting and its potential for broader applications 
beyond its initial scope. The development details, rendering techniques, and programming structure of the 
developed system have been thoroughly documented in the Github documentation Dzulvikar (2025), with links 
provided allowing readers to learn and implement this development and further examine the system for future 
studies.. As illustrated in Figure 3, the results of the application development are presented. The developed 
application incorporates capabilities for transforming data from local to global coordinate systems, leveraging 
XML-formatted external transformation information. Furthermore, it includes functionalities enabling the 
measurement of points, distances, and areas in metric units. These features are designed to facilitate the 
assessment of model position and distance geometry accuracy. 
 
A key advantage of the developed application is its capacity for efficient compression of 3D scene files. The 
transformation from the PLY (Polygon File Format) format to the compressed splat format (KSplat) is 
demonstrated by Kerbl et al. (2023). The KSplat format application achieves substantially reduced file sizes 
in comparison to both the original dataset and the traditional SfM-MVS approach. Notably, despite this 
significant reduction in file size, the visual quality and level of detail of the Gaussian Splatting-based 3D scene 
remain preserved, ensuring an optimal balance between storage efficiency and high-fidelity visualisation. This 
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compression capability directly contributes to the application's fast loading times and smooth rendering 
performance, mitigating the delays typically encountered when handling large 3D datasets. 
 
The successful implementation of the efficient compression and global coordinate transformation validates the 
effectiveness of the developed application. The ability to quickly load and display complex 3D scenes from 
the Gaussian Splatting technique without noticeable quality degradation confirms that this approach is both 
practical and scalable for web-based geospatial applications. This finding addresses the primary challenge of 
integrating Gaussian Splatting into real-world geospatial systems, demonstrating that it can be utilised 
effectively without excessive computational overhead or long processing times. Consequently, this 
development represents a significant advancement in making Gaussian Splatting a viable alternative for large-
scale 3D mapping, visualisation, and spatial analysis. 
 

 

Figure 3. The Appearance of the 3DGS Viewer Development Results 
 
Analysis of Position Geometry Accuracy 
 
Evaluating the geometric positional accuracy is essential in Structure-from-Motion techniques, particularly 
when comparing the efficacy of the SfM-GS and SfM-Multi-View Stereo methods. The assessment utilising 
CE90 and LE90 metrics provides a thorough understanding of their spatial accuracy. The results indicate 
notable variations in positional precision, which are subsequently analysed. The visual representation of the 
position geometry accuracy analysis is presented in Figure 4. The results suggest that SfM-MVS provides 
significantly lower errors and higher positional accuracy compared to SfM-GS. 
 
A comparative analysis reveals substantial differences in positional accuracy between the SfM-GS and SfM-
MVS methods. The total horizontal error for SfM-GS is 0.41 mm, significantly higher than the 0.01 mm 
observed for SfM-MVS. A similar trend is observed for the vertical total mistake, with SfM-GS showing 5.23 
mm compared to a considerably lower 0.14 mm for SfM-MVS. These findings indicate that the SfM-MVS 
approach provides slightly more consistent and precise geospatial reconstructions than the SfM-GS technique. 
 
The Root Mean Square Error (RMSE) values further confirm the slightly superior positional accuracy of the 
SfM-MVS approach compared to SfM-GS. For SfM-GS, the RMSE values for the horizontal and vertical 
components are 11.66 mm and 41.76 mm, respectively. In contrast, SfM-MVS reported significantly lower 
RMSE values, at 1.81 mm and 6.95 mm, respectively. These findings indicate that the SfM-MVS method is 
more effective in minimising spatial deviation, thus ensuring higher precision in 3D reconstruction 
applications. 
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The average error provides insight into the average deviation of the reconstructed model from the actual 
reference point. The analysis shows that the average horizontal error for the SfM-GS approach is 0.14 mm, 
while the error for the SfM-Multi-View Stereo method is much lower at 3.3 µm. Similarly, the average vertical 
error for SfM-GS is 1.74 mm, while SfM-MVS achieves a lower average vertical error of 0.05 mm. These 
findings indicate that the SfM-MVS technique maintains a slightly higher level of geometric accuracy in both 
the horizontal and vertical dimensions. 
 

 
Figure 4. Comparison of geometric positional accuracy between SfM-GS and SfM-MVS 

 
The CE90 and LE90 metrics provide a 90% confidence level for horizontal and vertical positional accuracy, 
respectively. Analysis shows that the SfM-GS approach exhibits a CE90 of 17.70 mm and an LE90 of 68.90 
mm, while the SfM-MVS method records a significantly lower CE90 of 2.74 mm and an LE90 of 11.46 mm. 
These findings further validate that the SfM-MVS technique provides slightly better positional accuracy with 
a higher degree of confidence in the spatial alignment of the reconstructed model. 
 
The discrepancies in geometric precision between the two methods are attributable to their respective 
computational paradigms. SfM-GS, predicated on Gaussian Splatting, employs a probabilistic density 
estimation approach to delineate the 3D structure, a methodology with precedent in prior research (G. Chen 
and Wang, 2024; Fei et al., 2024; Kerbl et al., 2023; Liu et al., 2024; Luo et al., 2024; Malarz et al., 2023; 
Matsuki et al., 2023; Qin et al., 2023; Wu et al., 2024). While the Gaussian Splatting method offers adaptability 
in rendering complex scenes, it may introduce spatial inconsistencies, especially in intricate geometric 
reconstructions. In contrast, the Structure-from-Motion with Multi-View Stereo approach employs a dense 
stereo matching algorithm, which refines feature correspondences and diminishes uncertainties in spatial 
localization, as evidenced in prior studies (Balloni et al., 2023; Condorelli et al., 2021; Elkhrachy, 2021; 
Hillman et al., 2021; Kovanič et al., 2023; Li et al., 2024; Mokroš et al., 2021; Murtiyoso et al., 2024; Petrovska 
et al., 2023; Xie et al., 2023; Zainuddin et al., 2024; Zhou et al., 2022). The deterministic nature of MVS 
ensures enhanced accuracy and robustness to environmental variations, rendering it a more reliable 
methodology for precise 3D modelling. 



 
 Geoid Vol. 20, No. 2, 2025, 22-34 

29 
 

 
Moreover, the extant literature indicates that surface texture and lighting conditions exert influence on accuracy 
(Karnawat et al., 2023; Kerbl et al., 2023; Morita et al., 2024; Tang et al., 2023; Zainuddin et al., 2024; Zhao 
et al., 2024). The reliance of Gaussian Splatting on probabilistic estimation makes it more sensitive to 
variations in input data. In contrast, MVS maintains structural consistency across diverse lighting and texture 
conditions, contributing to its improved performance. 
 
These findings clearly indicate that the SfM-MVS approach slightly outperforms the SfM-GS method in terms 
of geometric accuracy. However, it is crucial to recognise that both techniques achieve precision at the 
centimetre scale, which is already considered highly accurate for many geospatial applications in prior studies 
(Barba et al., 2019; El Barhoumi et al., 2022; S. Gao et al., 2022; McDermott and Rife, 2024). This level of 
precision represents a significant advancement, enabling reliable 3D modelling and spatial mapping in real-
world scenarios. Although the SfM-MVS approach demonstrates marginally superior performance, the ability 
of the SfM-GS method to maintain accuracy at such a granular level is a significant accomplishment. This 
offers considerable flexibility for applications where the absolute highest precision is not an essential criterion. 
These results provide valuable insights for professionals and academics searching for computationally efficient 
and adaptable methodologies in geospatial modelling. Additionally, the statistical outcomes derived from the 
ICP data are based on a limited sample size of four, necessitating further validation through a t-test capable of 
assessing the broader population. 
 
Analysis of Distance Geometry Accuracy 
 
To validate the necessary assumptions for parametric statistical analyses, the Lilliefors test was applied to both 
datasets to assess whether they exhibit a normal distribution, a method also employed by Ferreira et al. (2016) 
and Mbuli et al. (2022). As summarised in Table 2, the Dmax values for SfM-GS and SfM-MVS were found 
to be lower than their respective L-table values, confirming that both datasets conform to a normal distribution 
at a 95% confidence level. This finding is crucial, as it enables the use of the independent t-test to compare 
their mean geometric accuracy distances. The independent sample t-test was performed to investigate whether 
there was a statistically significant difference in geometric accuracy between the SfM-GS and SfM-MVS 
approaches. The analysis yielded a t-value of -0.80 and a t-table value of ±2.10, the results of which are 
illustrated by Figure 5. This finding indicates that the test fails to reject the null hypothesis, as the value of -
0.80 lies between the two t-table values. This implies there is no statistically significant difference in geometric 
accuracy distance between the two methods at the 95% confidence level. 
 

Table 2. Summary of Lilliefors and T-Test Results for Geometric Accuracy Distance 
Statistic Dmax L Table f(n) t-value t-table Conclusion 

SfM-GS Data 0.14 0.17 0.59   Data is normally distributed 
SfM-MVS Data 0.11 0.17 0.49   Data is normally distributed 

T-test    -0.80 ±2.10 
Fail to reject H0, no significant 

difference 
 

The results demonstrate that SfM-GS and SfM-MVS techniques achieve comparable geometric accuracy 
distances, despite their distinct computational frameworks. While SfM-MVS exhibits slightly more stability 
in the previous test, the findings confirm that SfM-GS remains a viable alternative with an equivalent mean 
geometric accuracy from the paired T-test. This discovery has important implications: 1) Both methods can be 
used interchangeably for applications requiring centimeter-level precision, such as topographic mapping, 
geospatial analysis, and 3D urban modeling, where centimeter-level accuracy is sufficient, as demonstrated by 
studies (Barba et al., 2019; El Barhoumi et al., 2022; S. Gao et al., 2022; McDermott and Rife, 2024); 2) 
Although in the previous test SfM-MVS had slightly better accuracy with three ICPs, in the paired T-test it 
was proven that SfM-GS had the same position and geometry accuracy as SfM-MVS in terms of population 
conditions with a 95% confidence level. 
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Figure 5. Illustration of T-Value and T-Table Position from Paired T-test 

This research successfully demonstrates the integration of the Gaussian Splatting algorithm with global 
coordinate systems. The developed system enables the seamless visualisation of Gaussian Splatting-based 3D 
scenes and their transformation to global coordinates. Additionally, the study validates the reliability of the 
resulting position and distance geometry accuracy through field testing and statistical comparison to the 
established SfM-MVS algorithm. The findings show that the Gaussian Splatting approach achieves similar 
levels of position and distance accuracy as SfM-MVS in population conditions, with a 95% confidence level 
as determined by a T-test. This is supported by the null hypothesis being accepted, with the t-value being 
between the two t-tables. The next section of this study provides a detailed description of these key results. 
 
This study confirms that Gaussian Splatting offers a compelling alternative to conventional Stereo Multi-View 
modelling, particularly in its ability to generate high-fidelity novel views efficiently. Despite this promise, a 
critical evaluation underscores several key limitations that must be overcome. First, the technique imposes 
heavy computational demands, requiring significant memory resources that scale with scene complexity, 
thereby limiting its application on consumer-grade hardware. Second, its accuracy is highly sensitive to 
lighting conditions; dynamic shadows or specular reflections can be misinterpreted, leading to visual artefacts. 
This sensitivity is more pronounced in uncontrolled outdoor environments than in stable indoor settings. 
Consequently, while Gaussian Splatting excels in controlled scenarios, its geometric fidelity can be less 
reliable in more complex, real-world conditions. Future work aimed at mitigating these computational and 
environmental constraints will be crucial for positioning this method as a more efficient and accurate successor 
to established 3D reconstruction techniques. 
 
Conclusions 
 
This research successfully established and confirmed a system capable of visualising 3D scenes generated 
through Gaussian Splatting, with accurate transformation into global coordinate systems. Employing both ICP 
analysis and a statistical T-test, the study demonstrated that this method achieves centimetre-level positional 
and geometric accuracy, exhibiting no statistically significant divergence from the benchmark SfM-MVS 
technique at a 95% confidence level. These outcomes position Gaussian Splatting as a potent alternative to 
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SfM-MVS, especially for applications necessitating efficient, real-time rendering. This opens avenues for 
practical deployment in fields such as interactive urban planning, the development of digital twins for 
infrastructure management, and the immersive documentation of cultural heritage sites through web-based 
platforms. While SfM-MVS may retain a marginal advantage in absolute positional accuracy, prospective 
research can address the existing limitations of Gaussian Splatting. To fully harness its capabilities, future 
endeavours should concentrate on optimising computational performance through techniques like splat 
pruning or quantisation for reduced memory usage and processing load, and enhancing geometric fidelity by 
incorporating explicit geometric constraints or surface priors into the training process to improve the 
reconstruction of intricate details and sharp edges. Through these advancements, Gaussian Splatting can 
mature into an increasingly efficient and accurate solution, reinforcing its significance in future geospatial 
applications. 
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