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Abstract

This article addresses the challenge of obtaining dense and spatially coherent three-dimensional thermal
information in short-range thermal digitization processes, where small- and medium-sized objects require an accurate
representation of both their geometry and thermal distribution. To this end, a portable and easily deployable system is
presented, capable of generating dense 3D thermal point clouds using two RGB cameras and one thermal camera.
Among the main advantages of the system are its original calibration method, high precision, and real-time
performance. Several real case studies are presented at the end of the document.

1. Introduction

Conventional two-dimensional thermography techniques, although widely used for object inspection and
thermal analysis, provide only a partial view of thermal phenomena due to the lack of complete geometric information
and three-dimensional spatial referencing. In this context, 3D thermal point clouds emerge as a suitable solution for
the unified integration of geometric and thermal information, enabling a more complete and accurate characterisation
of digitised objects in controlled environments.

Several solutions addressing the problem of 3D thermal information acquisition have already been reported
in the literature. In direct thermal stereo approaches [1], the correspondence stage between thermal images becomes
complex, error-prone, and results in low resolution. Hybrid RGB-thermal configurations aimed at multispectral depth
estimation [2] are also of limited practical use. Approaches based on coupled LiDAR devices and thermal cameras
([3]) are suitable for static scenes and offline processing scenarios, where data acquisition and processing are
performed sequentially. In addition, the high cost of LIDAR systems further motivates the exploration of more affordable
sensing alternatives. While complex multimodal configurations [4] (e. g. RGB camera, a thermal camera, and a LiDAR
sensor) can provide satisfactory results, they come at the expense of high computational cost and limited portability,
making them unsuitable for applications requiring sensor mobility. These approaches face limitations due to the
difficulty of stereo matching and the challenge of extracting modality-invariant features across thermal and visible data.

2. The system SRTS

The proposed solution decouples geometric reconstruction from radiometric acquisition, enabling the
generation of dense thermal point clouds with enhanced spatial detail. The system can be referred to as a Stereo
RGB-Thermal System (SRTS) and consists of two main components: a stereo camera and an infrared camera.

The stereo camera is equipped with two sensors operating in the visible spectrum (RGB1 and RGB2) and
incorporates a depth estimation system based on a neural network. In addition, it includes an integrated gyroscope
and barometer. Key characteristics include a 120° wide-angle field of view (FOV), a depth range from 0.3 m to 20 m,
and a maximum resolution of HD2K at a frame rate of 15 FPS. Experimental results obtained in laboratory conditions
show that the distance error increases significantly as the stereo camera moves away from the scene, with errors
below 1.5 mm for distances under 0.7 m.

The thermal camera, on the other hand, is a tCam-mini device with a resolution of 160 x 120 pixels, designed
as an open-source solution for radiometric data acquisition. The thermal camera is positioned vertically aligned with
the RGB1 sensor of the stereo system, as this sensor defines the reference coordinate system of the setup.
Furthermore, the depth estimation process is carried out with respect to RGB1, and the resulting depth map is
subsequently used to generate the thermal point cloud.

A custom extrinsic calibration method between the stereo camera and the thermal camera has been
established, in which a small LED mounted at the end of a thin carbon rod acts as a visible and thermal emitting
source. This marker is placed in the scene at different positions and depths, serving as a reference point. In this way,
the luminous spot is easily detected by both the RGB1 camera (as a clear white light point) and the IR camera (as a
radiating heat source), allowing the correspondence problem to be solved automatically. Once calibration is completed,
the system enables real-time computation of the 3D coordinates of the point cloud.

The experimental validation of the system was carried out in different indoor and outdoor scenarios, covering
environments with varying geometric and thermal conditions. Figure 1 shows two case studies. In the first scene, the
RGB and thermal point clouds of three objects are presented against a white background. The traces left by a human
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hand (see red points) after arranging the scene are clearly visible, particularly on the helmet and the can. In the second
scene, both point clouds capture the torso and face of a person. In this case, slight temperature variations across
different facial regions can be observed, along with a high gradient relative to the clothing worn.

3. Conclusions

This paper presents a portable stereo-thermal system for generating thermal point clouds in real time. This
capability significantly expands the range of potential applications, enabling its use in dynamic scenarios, rapid
inspection tasks, continuous monitoring processes, or integration with robotic platforms and mobile acquisition
systems. The immediate availability of three-dimensional thermal information is particularly relevant in contexts where
real-time decision-making or iterative thermal evaluation is required.

The obtained results demonstrate the feasibility of the proposed approach and its ability to generate dense,
coherent, and spatially consistent thermal point clouds. Overall, the experiments highlight the potential of the system
as a foundational tool for the generation of advanced thermal models and its application in areas such as technical
inspection, energy analysis, environment digitization, and three-dimensional thermal monitoring.
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Figure 1. The system SRTS and results: RGB and thermal point cloud results obtained with the SRTS system
in two case studies.
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