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Abstract: Point cloud acquisition systems now enable the capture of geometric models enriched with
additional attribute data, providing a deeper semantic understanding of the measured environments.
However, visualizing complex spatiotemporal point clouds remains computationally challenging.
This paper presents a fusion methodology that aggregates points from different instants into unified
clouds with reduced redundancy while preserving time-varying information. The static 3D structure
is condensed using a voxel approach, while temporal attributes are propagated across the merged data.
The resulting point cloud is optimized and rendered interactively in a virtual reality (VR) application.
This platform allows for intuitive exploration, visualization, and analysis of the merged clouds. Users
can examine thermographic properties using color maps and study graphical temperature trends.
The potential of VR for insightful interrogation of point clouds enriched with multiple properties is
highlighted by the system.
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1. Introduction

Contemporary three-dimensional scanning methods, such as those outlined in [1],
enable the acquisition of highly accurate spatial measurements in the form of point cloud
data sets. Point clouds offer advantages over mesh models for representing scanned envi-
ronments. They capture all details without simplification or loss of geometric accuracy [2],
similar to raw measurements from laser scanning or photogrammetry. Point clouds are
ideal for applications that require accurate measurements of built work, such as architec-
ture, engineering, construction, and cultural heritage [3]. They also avoid errors that can be
introduced in mesh generation, such as excessive smoothing or poorly colored textures [4].
In general, point cloud rendering is preferred when geometric accuracy and measurement
precision are paramount, despite the higher processing requirements compared to lighter
mesh models.

Many current scanning devices include cameras to provide color information in ad-
dition to geometry. It is also possible to capture point clouds with additional attributes,
such as temperature, due to the development of novel sensors and the integration of com-
plementary components into scanning pipelines, as demonstrated in [5]. The integration
of thermal data with 3D geometric models is an important area of research for advancing
building information modeling (BIM). According to Ramon et al. [6], thermal point clouds
that combine temperature attributes with 3D coordinate data can provide a more complete
digital representation of a building’s thermal behavior. Incorporating thermal features
into BIM can enhance energy modeling and simulations of building behavior compared to
models based solely on visual geometry [7,8]. For existing buildings, thermal point clouds
obtained by thermography and 3D scanning techniques enable in situ assessment of the
thermal transmittance properties of the building envelope required for energy models [9].
Thermal data can reveal insulation defects, air leakage, moisture ingress, and other anoma-
lies that affect building energy consumption [10]. The fusion of 3D thermography with
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cloud fusion algorithm will be affected by the accuracy with which such a registration has
been performed. In addition, although the application includes functionalities to vary the
representation resolution, it is necessary that the initial cloud has a previous reduction
applied so that the application can manage its loading.

On the other hand, the accuracy of the representation of thermal properties is condi-
tioned by the quality of the input data, which underlines the importance of calibration and
validation of the capturing devices. It has been found that the Leica BLK360 sensor does
not provide consistency of measurements over measurements taken at close time instants.

There is considerable potential for extending this research. The exploration of more
advanced data compression techniques, improved fusion algorithms, and the integration
of new properties into point clouds are areas of planned activity. These advances could
facilitate the adoption of these technologies in a wider range of applications, from cultural
heritage preservation to urban planning.

Specifically, our future work includes improving the fusion methodology to include
more complex spatiotemporal alignments and aggregations and improving the VR software
by incorporating automatic anomaly detection based on property analysis, implementing
collaborative multi-user interaction, and deploying it on additional VR platforms, such as
standalone, where resource optimization is a critical factor.

Overall, this research demonstrates a proof-of-concept for merging point clouds from
different instants into unified models that can uncover hidden temporal patterns in spatial
point data. The proposed techniques help advance the use of point clouds for building
modeling, energy efficiency, and other applications that require the characterization of
dynamic behavior.
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