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Abstract

Wood is a crucial component of the green economy of the 21st Century. From house construction to innovative daily
applications and products, wood is one of the most sustainable resources. However, as a natural material, it suffers
deterioration with time. Infrared thermography may provide an excellent potential for detecting internal damage. Although
the prices of infrared cameras have dropped recently, getting the best value for money and choosing the right camera for
wood inspection is a significant challenge. Before choosing an infrared camera, the operator needs to consider several
parameters, such as the temperature range, spectral range, thermal sensitivity, resolution, spatial resolution, accuracy,
optics and focus, to make an informed decision. This study aims to evaluate the performance of two infrared cameras, a
high-end model and a mid-range model, in visual wood damage detection. For this purpose, samples of different wood
species with induced damage were observed using active thermography. Our results suggest that, for technical purposes
such as qualitative studies, resolution and thermal sensitivity may be more important parameters than accuracy. The results
achieved are an important contribution when deciding which infrared camera to purchase.
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growth consumes 1 ton of carbon dioxide and releases 0.7 ton of
oxygen [4]. Like other building materials, wooden structures are
susceptible to biological attacks. Fungi and insects are the main
organisms that can decompose wood and cause damage to
structures. Therefore, monitoring systems are crucial to detect
anomalies at an early stage and thus reduce maintenance and
repair costs.

1. Introduction

The exponential increase in population poses challenges to
housing as the ecological footprint is significant. Building
materials with mineral or metallic mineral origin contribute to
the greenhouse effect. This reality forces a necessary and urgent
reinvention of conventional housing for more highly efficient
and widely applicable sustainable materials [1]. Wood is a

In this sense, infrared thermography (IRT) is a technique
suitable for wood diagnosis, as it is a non-invasive and non-

renewable material that can contribute to sustainability [2]. It is
renewable, and its CO,-storing character has brought it into the
focus of sustainable development [3].

The use of wood has the advantage of contributing to reducing
greenhouse gases, as the tree binds carbon dioxide during its
growth and retains it even after the tree has been felled, only
releasing it again when it is burnt [3]. One cubic meter of tree
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destructive inspection technique that allows the visualization of
the entire structure and location of internal defects. This
technique enables the superficial temperature of the objects to
be visualized; it is based on the radiation emitted by the object.
Thermography results from a complex interaction between the
heat source, the material, and its defects [5].
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In recent decades, IRT has become a technology with multiple
applications, such as non-destructive testing, condition
monitoring, predictive maintenance, and reducing the energy
costs of processes and buildings. The proliferation of IRT
technology is partly due to the development and the minimal
instrumentation required to use them, which are a tripod or
camera stand, and a video output device to display the captured
infrared thermal images (TI) [6,7]. IRT is a comprehensive and
non-hazardous technique for acquiring and processing thermal
information from non-contact measuring devices [7-11]. As a
non-contact technique, thermography is extremely effective,
safe, and simple. IRT allows the temperature of objects to be
determined based on the radiation emitted [11-13] using an
infrared (IR) camera.

All objects with a temperature above absolute zero emit
radiation in the electromagnetic spectrum at the infrared
wavelength. IRT detects radiation in the infrared spectrum,
usually between 2.0 and 5.6 um and 8.0 and 14.0 um because
these spectral windows present poor atmospheric absorption [5].
The detected radiation is converted into electronic signals and
then transformed into a thermal image. To highlight details in
TI, the surfaces of the objects must have different temperatures.
IRT technology can create this thermal gradient on the surface
through two thermographic procedures: passive and active. In
the passive procedure, the thermal contrast is generated by a
natural source such as sunlight [14]. When a natural source is
not sufficient to create a thermal contrast between the object and
the background, an active thermography (AT) procedure is
required. AT uses an external energy source to create an energy
stimulus on the object under investigation, which causes an
internal heat flux on the surface of the object [11,15,16]. AT can
be performed using two methods - transmissive thermography
and reflected thermography - depending on the relative position
of the heat sources and the IRC camera. In transmissive
thermography, thermal excitation is applied to the surface
opposite the surface in the IRC's field of view (FOV). In
reflected thermography, thermal excitation is applied directly to
the surface in the IRC's FOV [6,17]. The generated heat flow is
disturbed if defects or damage on or near the elements surface to
be analyzed cause a discontinuity/ thermal contrast, which is
detected by analyzing the thermograms obtained [18].

When the IR camera is pointed at an object, the camera receives
radiation from the object itself, from the reflection of radiation
on the object due to emissions from surrounding bodies, and
from radiation emitted by the atmosphere. The IR camera
captures this radiation and creates a thermographic image (TT)
visible to the human eye. The thermal image produced by an IR
camera (also known as a thermogram) is represented by a
thermal color code, in the form of a color gradient based on the
highest or lowest temperature captured throughout its FOV,
taking into account the maximum and minimum temperatures
selected during the configuration of the equipment [19-21].

Like any other technical system, the use of an IR camera requires
practice and basic knowledge by the operator. As previously
noted, the core purpose of an IR camera is to convert IR radiation
into a visual image. The two-dimensional distribution of IR
radiation generated by an object or scene should be represented
by the visual image [22]. The main components of an IR camera
are the optics, the detector, the cooling or temperature
stabilization of the detector, the electronics for signal and image
processing, and the image display [Fig. 1].
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Fig. 1. Schematic diagram of infrared thermography camera.
Adapted from [23].

The design of the optical mechanism used to visualize
thermographic images is the same as that of the optical system
for wavelengths in the visible range, only the materials used are
different. The thermal detector is the most important part of the
thermographic camera. It determines the thermal sensitivity and
the spatial resolution that can be achieved. Several parameters
need to be considered before choosing an infrared camera, such
as the temperature range, spectral range, thermal sensitivity,
resolution, spatial resolution, accuracy, optics, and focus. A
detailed study of these performance parameters of thermal
imaging systems is reported by [24]. Some important parameters
are mentioned below:

Resolution: The resolution of the thermal camera sensor
determines the quality of the rendered image. The resolution
indicates the number of pixels in the detector. More pixels mean
a higher resolution. The higher the resolution of the detector, the
sharper and more accurate each individual point in the image
will be, allowing for more precise measurements and better
decisions. Higher resolution infrared cameras can measure
smaller targets at a greater distance and create sharper TI for
more accurate and reliable measurements.

Spatial resolution: The spatial resolution of a thermal imaging
system is defined as the ability of the camera to distinguish
between two objects within the FOV. The FOV is determined by
the camera lens and refers to the extent of the scene that the
camera can capture. The greater the FOV, the greater the area or
space that can be captured with the thermal camera. Some
cameras are available with multiple lenses for different types of
applications.

Thermal sensitivity: The thermal sensitivity is equivalent to the
smallest difference in temperature that the camera is able to
measure without being attributed to its own noise. Devices with
higher thermal sensitivity can detect slight temperature
differences and therefore provide more detailed thermograms.
The temperature resolution and the spatial resolution are
important performance parameters, as they significantly
influence the image quality [22].

Accuracy: All measurements are subject to error and,
temperature measurements with thermography are unfortunately
no exception. Therefore, it is important to know the accuracy of
the IR cameras. The accuracy specification gives the absolute
value of the temperature measurement error for blackbody
temperature measurements [16,24].

In addition to the above performance parameters, the selection
of an IR camera also depends on inherent parameters such as the
size, weight, image processing capabilities, calibration, storage
capacity, computer interface, cost, and service. In any practical
thermal imaging application, the operator must ultimately
answer the following question: Based on its performance
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parameters, is the camera suitable for my application? Accurate
knowledge of the main performance limits of the thermal
imaging system used and their relevance to the application is
crucial for the correct interpretation of the results focusing on
professional and research and development environments.

The aim of this study is to evaluate and compare the performance
of two IR cameras, a high-end and a mid-range model, applied
to the detection of wood damage. The high-end and mid-range
models have better resolution, more precision and higher
thermal sensitivity and are far more expensive compared to low-
cost IR sensor cameras. On the other hand, most advanced IR
cameras offer numerous features and options compared to the
low-cost IR sensor cameras. Unlike low-cost IR sensor cameras,
the high-end and mid-range models have more software tools
that allow the operator to control more performance parameters
of the IR camera and thus improve the quality of the results
obtained, as with the high-end and mid-range models used in
professional and research and development environments. To
evaluate the performance of these two cameras, samples of two
wood species (Pinus pinaster and Quercus faginea Lam) were
investigated using AT. Holes with different diameters and
depths were drilled into these samples to simulate damage. The
rest of the paper is structured as follows: methods, materials and
the experimental setup are summarized in Section 2; Section 3
reports the experimental results and the comparison of the
performance of the two IR cameras in detecting and identifying
wood damage; conclusions are presented in Section 4.

2. Materials and Methods

2.1. Equipment

Two infrared cameras, a high-end model - FLIR T1030sc, and a
mid-range model - FLIR ThermaCAM B20, were tested in
visual wood damage detection [Fig. 2].

FLIR ThermaCAM B20

T1030sc

Fig. 2. Infrared cameras used in the experiments: FLIR T1030sc
(high-end model) and FLIR ThermaCAM B20 (mid-range model).

Table 1 contains a brief comparison of the two IR cameras
tested. The specifications are provided by the manufacturer
[25,26].

Table 1. Main specifications for FLIR T1030sc and FLIR
ThermaCAM B20 [25,26]

FLIR T1030sc FLIR ThermaCAM
B20
IR sensor 1024 x 768 pixels 320 x 240 pixels
Thermal <20 mK at 30°C <100 mK at 30°C
sensitivity
Minimum

0.4 m (standard lens) 0.50 (standard lens)

focus distance

Spatial 0.47 mrad (standard 1.30 mrad (standard
resolution lens) lens)

Spectral range 7.5-14 um 7.5-13 um
+1°C or £1% at 25°C
for temperatures

between 5°C to 150°C.
+2°C or £2% of

A .
ceuracy reading

+2°C or £2% of reading
at 25°C for
temperatures up to
1200°C

A FLIR MR 176 thermo-hygrometer was used to measure the
laboratory conditions (relative humidity and ambient
temperature), and sample moisture. The mass of the sample was
measured using a KERN EMB balance.

2.2. Samples

For the experiments, wood samples from two species with
different densities were used: Pinus pinaster and Quercus
faginea Lam [Table 2]. The wood samples were used without
any type of finishing, such as in many wood constructions and
structures.

Table 2. Dimensions and physical properties of the wood samples.

Pinus pinaster Quercus faginea

Lam
Length / (x10” m) 200.0+0.5 200.0+0.5
Width / (x10° m) 150.0+0.5 150.0+0.5
Thickness / (x10~ m) 35.0+0.5 35.0+0.5
Mass / (x10° kg) 607+1 733+1
Volume / (x10*m™) 9.6 9.6
Moisture / % 7.1£1.5 8.9+1.5
Density / (x10*kg.m™) 6.3 7.6

Wood is susceptible to diseases that shorten its useful life and
reduce its durability. To analyze the performance of these two
IR cameras, six holes (with different diameters and depths) were
drilled into the wood to simulate damage [Table 3].
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Table 3. Diameter and depth of the six holes induced on the back of
the observed surface.
Induced

hole Diameter / (x107 m) Depth / (x10° m)
1 29.0+0.5
2 30.0+0.5 31.5+0.5
3 33.0+0.5
4 24.5+0.5
5 14.5+0.5 33.0+0.5
6 10.0+0.5

These six induced holes were made on the side of the wood
opposite to the observed surface [Fig. 3(b)].

(b)
Fig. 3. Example of a wood sample used in the experiments: (a) front
view and (b) back view (numbers indicate the induced holes).

2.3. Methods

To obtain an accurate TI, parameters such as the emissivity of
the sample, the reflected apparent temperature from the
environment, the ambient temperature, the relative humidity of
the environment and the distance between the sample and the IR
camera must be entered into the device as input data [1]. The
emissivity of the sample was measured using the Thermogram
Analysis Method [10,27-29]. The reflected apparent
temperature was measured using the aluminum leaf method
[10,28,30]. Thermal contrast was required between the surface
temperature and room temperature. The samples were heated by
a radiant heating system. This system consists of two halogen
heaters, each with a power of 1200 W, placed at an angle of 35°
to the samples and on the same side as the IR cameras [Fig. 4].

Halogen heater

Wood sample

IR radlatlon

¥
] -
-I]/'
&

Halogen heater

Fig. 4. Schematic representation of a radiant heating system. The IR
cameras — (1) FLIR T130sc and (2) FLIR ThermaCAM B20 were
placed side-by-side. Adapted from [31].

The two IR cameras were placed side by side but at 0.50 m
(FLIR ThermaCAM B20) and 0.40 m (FLIR T1030sc) from the
wood sample to ensure the FOV of the lens [Fig.4]. The
experiments were conducted following the active thermography
procedure suggested by Costa and Pitarma [32]. As suggested
by Costa and Pitarma [21], the thermograms were analyzed
using the Rainbow color palette from FLIR Thermal Studio
Suite software.

3. Results

The performance of the two IR cameras in detecting wood
damage was analyzed by comparing the TI produced with the
two cameras.

Figures 5 and 6 show TI taken by the FLIR ThermaCAM B20
[Fig. 5(a) and Fig. 6(a)] and the FLIR T1030sc [Fig. 5(b) and
6(b)] of the Pinus pinaster sample.
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Fig. 5. Thermal images of a wood sample of Pinus pinastertaken with:
(a) FLIR ThermaCAM B20 and (b) FLIR T1030sc. The numbers 1, 3—
5 indicate the respective induced holes.

In Fig. 5(a), only induced holes 3 and 4 are visible. In Fig. 5(b),
in addition to induced holes 3 and 4, induced holes 1 and 5 are
also visible, with the details of the latter two being very distinct.
In Fig. 5(b), the level of detail of induced holes 3 and 4 is higher
than in TI of Fig. 5(a), so sharper contours can be seen.

The TI of Fig. 6(a) and 6(b) were taken after the TI of Fig. 5(a)
and 5(b).

bRyt AT
(b)
Fig. 6. Thermal images of a wood sample of Pinus pinaster taken
with: (a) FLIR ThermaCAM B20 and (b) FLIR T1030sc. Numbers
2—6 identify the respective induced holes.

In TI of Fig. 6(a) and 6(b), more induced holes can be observed
than in TT of Fig. 5(a) and 5(b). In Fig. 6(a) the induced holes 2—
5 can be seen. In TI of Fig. 6(b), in addition to the induced holes
2-5, induced hole 6 (with a smaller diameter) can also be seen.
Induced hole 1 (farther from the surface) is not visible in the two
thermograms. The contours at induced holes 4 and 6 are more
detailed in Fig. 6(a) and 6(b) than in TI in Fig. 5(a) and 5(b).
Induced hole 4 is visible in both TI, but the level of detail is not
very pronounced, and the contour of the induced hole is unclear
in the two thermograms.

Figures 7 and 8 show TI taken by the FLIR ThermaCAM B20
[Fig. 7(a) and Fig. 8(a)] and the FLIR T1030sc (Fig. 7(b) and
Fig. 8(b)) for the Quercus faginea Lam sample.

(b)
Fig. 7. Thermal images of a wood sample of Quercus faginea Lam
taken with: (a) FLIR ThermaCAM B20 and (b) FLIR T1030sc.
Numbers 2-5 identify the respective induced holes.

Figures 7(a) and 7(b) show induced holes 2-5. Although the
same induced holes can be seen in both TI, the details are less
pronounced in the thermogram recorded by the ThermaCAM
B20. In thermogram 7(b), taken with the T1030sc, the level of
detail of the induced holes is better than in thermogram 7(a), so
sharper contours can be seen. Induced hole 1 (farther from the
surface) and induced hole 6 (with a smaller diameter) cannot be
detected regardless of the IR camera used.

The TI in Fig. 8(a) and 8(b) were captured after the TI of Fig.
7(a) and 7(b).



Antonio et al. / Int. J. of Thermal & Environmental Engineering, 19 (2022) 55-62

)

Fig. 8. Thermal images of a wood sample of Quercus faginea Lam
taken with: (a) FLIR ThermaCAM B20 and (b) FLIR T1030sc.
Numbers 1-6 identify the respective induced holes.

The TI in Fig. 8(a) and 8(b) show the induced damage 1, which
is not visible in Fig. 7(a) and 7(b). All induced holes are visible
in Fig. 8(a) and 8(b), but the level of detail is not very
pronounced, and the contours of the induced holes are unclear in
both thermograms. The contours at induced holes 3 and 2 are
more detailed in Fig. 8(a) than in Fig. 7(a). The level of detail
of the contours of the induced holes detected with the
ThermaCAM B20 (Fig. 7(a) and 8(a)) is lower than the level of
detail of the contours of the same induced holes detected with
the T1030sc [Fig. 7(b) and 8(b)], corroborating the results
obtained with the Pinus pinaster sample [32]. Note that in both
cameras, the damage detection pattern for the Pinus pinaster
sample is different than the detection pattern for the Quercus
faginea Lam sample, with fewer induced holes detected in the
Pinus pinaster sample, which may suggest the more the density
of the wood, the better is the damage visualization.

Based on the results, higher-resolution IR cameras provide
higher-quality TI, suggesting that the number of pixels is a
crucial parameter in IR cameras. Thermal sensitivity is another
variable that affects image quality. As the results show, an IR
camera with low thermal sensitivity cannot differentiate close
temperature values in areas that are less extended or have greater
depth, and noise tends to dominate the image in this area,
lowering the TI quality. In practices, wood damage inspection is
characterized by qualitative analysis, so for the IR cameras, it is

more important to distinguish between two surface temperature
points that are close to each other than to determine the
temperatures at those points accurately.

4. Conclusions

Thermography is an excellent example of a visualization
technique that can be used in many different fields such as non-
destructive  testing, condition monitoring, predictive
maintenance, and reducing energy costs of processes and
buildings. For some applications, the operator only needs
infrared data represented as a visual image to interpret and
identify the source of a problem. This qualitative method of
thermography provides the visual cue necessary to act.
Therefore, choosing the right camera is a challenge. The
purposes of this research were to evaluate the performance of
two infrared cameras, a high-end model and a mid-range model,
in the visual detection of wood damage. Given the results,
increasing the resolution of IR cameras provides better quality
TI, allowing the conclusion that the number of pixels is a
relevant parameter in IR cameras. Another parameter that affects
image quality is thermal sensitivity. The results suggest that the
IR cameras with low thermal sensitivity cannot distinguish
between close temperature values in areas that are less extensive
or have a greater depth. In these areas, noise starts to dominate
the image and the quality of the thermograms consequently
decreases. In qualitative studies, it is more important for the IR
camera to be able to distinguish between two nearby surface
temperature points than to measure the temperature of these
points accurately. In this sense, the results suggest that the mid-
range IR is suitable for visual detection when the damage to be
detected is extensive or close to the surface, where higher
resolution and thermal sensitivity are not required. However, for
a less extensive area or the greatest depth, the use of a mid-range
IR camera is not suitable, and a more advanced IR camera is
needed. In this respect, an IR camera with higher resolution and
thermal sensitivity provides more accurate qualitative results
and has proven to be effective in detecting the finer details of
wood damage. Our work underlines the idea that for technical
purposes, i.e., for qualitative studies, resolution and thermal
sensitivity may be more important parameters than accuracy.
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