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1. Introduction

Typical building inspection using Passive Infrared Thermography involves defect
analysis, in which defects appear as abnormal temperature distributions in thermal im-
ages (thermograms) due to contrasts in the thermal conductive and emissive properties
of air (defect) and intact areas (finishes). With different image processing techniques, it is
possible to perform defect detection [1-2] and size estimation [3-4]. However, the current
approach only relies on a single thermal image to estimate the defect size, and the time
when the thermal image was captured highly affects the performance. Since defects on
the building’s exterior wall are in an ambient environment, the ideal scenario is to collect
thermal images of the target with time which captures the whole heat absorption and
dissipation period for better defect analysis. The research conducted by [5] utilized the
difference of the thermal decay gradients in different materials to perform feature classi-
fication in an outdoor environment. It is possible to adopt a similar approach in building
defect inspection since the thermal contrast between the defects and the intact area is
much more significant than those on a natural terrain presented in [5]. However, it is
unfeasible to collect continuous time-lapse thermal data in urban areas due to site con-
strictions. Therefore, this study proposes the adoption of the Thermal Decay Gradient
Approach, which was first presented in [5], in building defect analysis, in which only
two thermal images (captured in the heat absorption period and the heat dissipation pe-
riod respectively) were used in the defect analysis.

2. Materials and Methods
2.1. Experimental Setup

A west-facing sample wall with ground truths was constructed at the rooftop of the
Industrial Centre on PolyU's campus. 10 low-density polystyrene foam plates with an
area of 400 cm? were embedded in the sample wall. 6 of them were covered with red-
dish-brown wall tiles and rendering while 4 of them were covered with rendering only
(Figure 1). The thickness of the foam plates used in each debond ranged from 3mm to
12mm and their corresponding cover depths ranged from 15mm to 32 mm. To capture
thermal images of the sample wall, a long-wave thermal camera (640 x 480 pixels, 30Hz)
was used. The distances between the thermal camera and the target surface were 2.8625
m, with a spatial resolution (IFOV) of 0.123 cm?, at Position A and 3.406 m, with a spatial
resolution (IFOV) of 0.174 cm? at Position B. The experiments were conducted in a
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24-hour cycle, in which thermal images of the sample wall were taken once every 5
minutes, to evaluate the difference in temperature through a time-lapse analysis. Data
was collected on two different sunny days with similar weather conditions.

Figure 1. Embedded debonds on PolyU’s sample wall: Position A (left) and Position B (right).

2.2. Methodology

The general workflow for the Thermal Decay Mapping method consists of two main
components including the Thermal Decay Mapping part and the Defect Size Estimation
part.

In the Thermal Decay Mapping part, the proposed workflow in this study modifies
the point-based feature analysis in [5]. To generate a Thermal Decay Map, two images
were selected from the time-lapse thermal data collected at both positions. In order to
investigate the optimal time for capturing these two images, the images captured within
the selected period were used, which starts from the beginning of the heat absorption
period and ends at midnight. Thermal Decay Maps for every combination of any two
images in the selected period were produced. The temperature values in each pixel of
the selected thermal images and the corresponding time were normalized in a natural
logarithmic base. Then the thermal decay gradient in each pixel was retrieved by apply-
ing linear regression, and was visualized in a Thermal Decay Map, in which the value in
each pixel represents the change in temperature over a period.

For the Defect Size Estimation part, the Thermal Decay Map was used, and regions
of interest (ROI) were selected according to each embedded debond. Then, Otsu’s
thresholding was applied and a binary image highlighting the defects was produced.
After applying the thresholding, the resulting binary images were then analyzed by cal-
culating the confusion matrix with the ground truth, and the accuracies of the proposed
Thermal Decay Mapping approach were evaluated. Size estimation of the detected de-
fects/features was performed by counting the number of pixels in white in the binary
image, and scaling the pixel resolution to actual size through IFOV calculation or scaling
the pixel to known size in any IR images.

3. Results and Discussion
3.1 Resulting Thermal Decay Map

The left part of Figure 2 shows one of the resulting Thermal Decay Maps generated
from the time-lapse thermal data taken at Position A. Two images were selected for
generating the Thermal Decay Map: the first one was Frame 56, which was captured
during the heat absorption period; the second one was Frame 174 which was captured
during the heat dissipation period. From the resulting Thermal Decay Map, all six em-
bedded defects can be distinguished. The right part of Figure 2 shows the comparison
image between the binary image with the defects and the ground truth, in which white
represents the correct prediction of defective area, black represents the correct prediction
of intact area, and green and blue represent overestimation and underestimation of the
suspected defect respectively.
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Figure 2. Thermal Decay Map produced using Frame 56 (during heat absorption period) and
Frame 174 (during heat dissipation period) (left) and the comparison image of each embedded
debond (right).

3.2 Selection of thermal images for creating Thermal Decay Map

In the proposed method in this study, two images were used to produce a Thermal
Decay Map for defect analysis and size estimation, which eliminates the problem of
capturing a thermal image at the wrong time when there is insufficient thermal contrast
between the defect and the intact area for defect classification in snapshot IRT. From the
results, two factors affect the accuracy of defect classification and size estimation, which
are the first images to be selected for creating the Thermal Decay Maps, and the required
time elapsed between the two images.

For the selection of the first image to be used for creating the Thermal Decay Maps,
Figure 3 shows a summary of the performance of the defect detection and size estima-
tion when thermal images taken at different times were used as the first image, and the
thermal image captured at midnight (Frame 174, i.e. during the heat dissipation period)
was used as the second image for generating the Thermal Decay Map. It showed that
using the images taken during the heat absorption period as the first images results in
higher accuracy, which could be above 0.9. The accuracy decreased if the images taken
during the heat dissipation period were used as the first images.

For the required time elapsed between the two images, Figure 4 shows a summary
of performance, which indicates that the required time elapsed should be more than 345
minutes to achieve an accuracy above 0.8.
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Figure 3. Summary of performance according to the selection of 1 image.

> W N —_

25
26



Proceedings 2024, 71, x FOR PEER REVIEW 4 of 4

Summary of Performance (Time elapsed)

0.9
0.8
0.7
0.6
0.5
0.4

Accuracy

0.3
0.2
0.1

Figure 4. Summary of performance according to the time elapsed between the two images.

4. Conclusion

This study validated the possibility of adopting the Thermal Decay Mapping
method in building inspection when only two thermal images were used to generate a
Thermal Decay Map. Based on the results presented in this study, the accuracy of defect
detection by adopting the proposed method can be affected by two main factors, which
are the selection of the first images to be used to create the Thermal Decay Map, and the
time elapsed between the two images used. With the optimal parameters, it could pro-
vide defect classification and size estimation results with an accuracy that can be up to
0.9, which is a significant improvement in building external wall diagnosis.
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