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Active thermography is a powerful non-destructive evaluation (NDE) technique for characterizing materials and 
detecting defects. A common practice to enhance measurement reliability is the application of a high-emissivity 
paint coating. However, this coating can introduce a thermal barrier, potentially masking the intrinsic thermal 
response of the underlying substrate, which is critical for tasks such as thickness discrimination. This study 
provides a quantitative analysis of the masking effect induced by a black paint coating on the transient thermal 
response of steel samples of varying thicknesses, as measured by laser-long pulse active thermography. We 
employ a combined approach of analytical modeling, numerical simulation, and experimental validation. The 
analysis is grounded in the one-dimensional heat conduction equation, with a lumped-parameter model used to 
explore the system’s primary dynamics. Experimental tests on a multi-thickness steel block provide validation 
data. Our findings reveal that the low thermal diffusivity of the paint layer creates a significant initial thermal 
transient that can obscure the thickness-dependent response of the substrate. This masking effect is particularly 
pronounced for thicker coatings and substrates. We demonstrate that spatial averaging of the thermal data can 
partially mitigate this effect, restoring thickness discrimination for substrates up to a certain thickness threshold. 
The study concludes that while emissivity-enhancing coatings are beneficial, their thermal properties must be 
carefully considered in the design and interpretation of long pulsed thermography experiments. We propose 
practical guidelines for optimizing coating selection and data analysis strategies to preserve the integrity of NDE 
measurements.

1. Introduction

Infrared (IR) thermography is a versatile and non-destructive eval
uation (NDE) technique that enables fullfield, contactless temperature 
measurement of component surfaces. By capturing the emitted thermal 
radiation, thermography can infer subsurface features, detect damage, 
and assess material properties such as thermal diffusivity, conductivity, 
and emissivity [1--13]. This capability has proven invaluable in indus
tries as diverse as aerospace, automotive, and civil engineering, where 
ensuring structural integrity and reliability is paramount.

Active thermography, in which an external heat source (e.g., flash 
lamps, halogen lamps, laser beams) is used to stimulate the specimen, 
provides dynamic thermal responses which can be analyzed to detect 
subsurface defects or material inhomogeneities [8,14--16]. Among ac
tive thermographic techniques, laser-long pulse thermography—or laser 
spot thermography—offers the advantage of highly localized heating 
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and potentially superior spatial resolution [17--25]. This is particularly 
useful for evaluating thin layers, complex geometries, and advanced 
materials, including fiber-reinforced polymers and metals produced via 
additive manufacturing [7,26--30].

A critical challenge in thermographic measurements is the variability 
of surface emissivity. Real surfaces rarely behave as ideal blackbodies. 
Instead, their emissivity depends on factors such as surface roughness, 
oxidation, coatings, or material composition [31--33]. To address this, 
a common practice is to apply a black paint coating to standardize and 
increase emissivity, thereby enhancing measurement accuracy and re
peatability [10--12,26,34]. This practice is recommended in Standards 
as [35,36]. Similar practices in the literature use graphite sprays and 
surface roughening to reduce reflectance [37][38]. While beneficial in 
passive thermography and slower thermal phenomena evaluation [39], 
the presence of a paint coating in active thermography can introduce 
complexities. In particular, the paint layer acts as an intermediate ther
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mal resistor and capacitor, altering the initial heating transient and po
tentially obscuring thickness-dependent thermal responses [22,40--43]. 
A correct analysis of material response is critical for material physi
cal parameters as for example local sample diffusivity. This parameter 
allows the assessment of many critical information as for example mi
crostructural conditions, local fatigue damage evaluation, defect detec
tions both in metal and polymeric based materials. Thickness discrimi
nation is central to several NDE tasks, such as evaluating weld nugget 
size in resistance spot welded (RSW) joints, detecting subsurface flaws in 
welded structures, or characterizing the thermal and mechanical prop
erties of additively manufactured parts. Welded joints are crucial in au
tomotive and aerospace sectors, and their integrity depends on accurate 
assessment of weld quality. Emerging research has focused on employ
ing active thermography to evaluate weld quality, including RSW joints, 
correlating thermographic signatures with mechanical properties like 
maximum tensile resistance and nugget diameter [15,16,27,40].

For instance, thermographic approaches have been applied to resis
tance projection welded (RPW) joints, additive manufactured steels, and 
complex welding processes, showing that careful data processing and 
calibration can restore some thickness discrimination capability even 
when coatings are present [14,44--49]. These studies have shown that by 
integrating thermographic data with finite element simulations, inverse 
heat conduction methods, and advanced signal processing algorithms, 
such as least squares fitting, sparse principal components, and machine 
learning approaches, it is possible to partially overcome the distortions 
introduced by paint coatings [3,7,13,21,23,33,50--55].

Non-destructive testing (NDT) of welded joints, additive manufac
tured components, and composite materials can benefit from refined 
thermographic techniques. By understanding how paint coatings affect 
transient temperature fields and identifying strategies to mitigate these 
effects �- such as spatial averaging, later-time data analysis, or model
based corrections �- engineers can maintain or even improve thickness 
discrimination capability. In turn, this bolsters quality assurance pro
cesses, reduces inspection time and costs, and ensures safer, more reli
able components in critical industries.

This study systematically investigates the influence of black paint 
coatings on the ability of laser-long pulse active thermography to dis
criminate substrate thickness. By combining analytical modeling, nu
merical simulations, and experimental tests on steel samples, we explore 
the complex interplay between paint thickness, substrate thickness, and 
the resulting thermal transient. We demonstrate that while spatial aver
aging and analysis of the cooling phase can partially recover thickness
dependent information, the masking effect of the coating imposes fun
damental limits on the technique’s sensitivity. The insights derived are 
critical not only for thickness gauging but also for broader NDE appli
cations, including defect detection and material characterization, where 
coatings are prevalent [56--58].

The remainder of this paper is structured as follows. Section 2 details 
the theoretical framework, the numerical model, and the experimental 
setup. Section 3 presents and discusses the simulation and experimen
tal results. Section 4 provides an extended discussion on the practical 
implications of our findings, and Section 5 concludes the paper with a 
summary of the key contributions and guidelines for practitioners.

2. Material and methods

The transient thermal behavior of a flat metal slab coated by a black 
paint, undergoing the energy input of a laser long pulse can be described 
by the one-dimensional heat conduction equation, which governs heat 
flow through the paint and steel layers:

𝜕𝑇 (𝑥, 𝑡)
𝜕𝑡 

= 𝛼
𝜕2𝑇 (𝑥, 𝑡)

𝜕𝑥2
(1)

where 𝑇 (𝑥, 𝑡) is the temperature at position 𝑥 and time 𝑡, and 𝛼 = 𝑘∕(𝜌𝑐)
is the thermal diffusivity, with 𝑘 being the thermal conductivity, 𝜌 the 
density, and 𝑐 the specific heat capacity. The laser long pulse provides a 

Table 1
Properties and nominal specific heats for steel and paint.

Material Density Conductivity Spec. Heat Thickness Range 
(kg/m3) (W/m K) (J/kg K) (m) 

Steel 7850 60.5 490 0.0025--0.01 
Paint 1200 0.25 1300 1e-5--0.01 

heat flux 𝑞0 at the surface (𝑥 = 0), while continuity of temperature and 
heat flux is maintained at the paint-steel interface.

For this analysis, a simplified analytical lumped-parameter model 
was developed. This approach is justified when the internal thermal 
resistance of a body is negligible compared to its external convective 
resistance, a condition quantified by the Biot number:

𝐵𝑖 =
ℎ𝐿𝑐

𝑘 
(2)

where ℎ is the convective heat transfer coefficient, 𝐿𝑐 is the character
istic length, and 𝑘 is the thermal conductivity. For thin layers and short 
transients, where 𝐵𝑖 ≪ 1, temperature gradients within each layer can 
be considered negligible, validating the use of a lumped model.

The model calibration was obtained by means of literature data (Ta
ble 1) and model validation was then conducted by experimental test
ing. To this aim, a series of active laser long pulse thermography tests 
were conducted on a steel calibration block with various thicknesses, on 
which a layer of black paint had been applied and distributed evenly.

2.1. Lumped-parameter model

To capture the primary dynamics of the system, a lumped-capacity 
model was implemented in MATLAB®/Simulink® (Fig. 1). This model 
simplifies the distributed thermal response described by Eq. (1) into a 
system of ordinary differential equations, which is computationally effi
cient for parametric studies. A constant heat flux, representing the laser 
power 𝑃 over a time interval 𝛿𝑡, is applied to the external surface of 
the paint layer, thus simulating a square wave energy input. Each layer 
(paint and steel) is treated as a distinct thermal mass arranged in series, 
characterized by its thermal resistance and capacitance. The paint layer 
absorbs the initial energy and subsequently acts as a thermal source 
for the underlying steel, thereby conditioning the substrate’s thermal 
transient. The lumped parameter model considers an average energy in 
time and space while the experimental reality is Gaussian distribution 
in space and the presence of transients in time. The core assumption of 
this model is that the temperature within each lumped mass is spatially 
uniform at any given time, that is the model is 0D in space. The ther

mal capacity of each layer is defined in the Simulink model by its mass 
and specific heat, which together determine the total heat capacity of 
the thermal mass block. 

The thermal input can be described in terms of incremental heat 𝛿𝑞
and incremental temperature 𝛿𝑇 , according to:

𝛿𝑞 = 𝐶 𝛿𝑇 (3)

where 𝐶 is the heat capacity. By also noting that the incremental heat 
over a time interval 𝛿𝑡 can be expressed as

𝛿𝑞 = 𝑃 𝛿𝑡 (4)

with 𝑃 representing the power of the energy input, the heat accumula
tion in the component can be approximated. Equating the two expres
sions (3) and (4) yields:

𝛿𝑞

𝛿𝑡 
= 𝑃 = 𝐶 𝛿𝑇

𝛿𝑡 
(5)

since 𝑃 is assumed constant during the laser long pulse, the heating 
process exhibits a linear behavior.

Heat capacity is an extensive property related to the specific heat 
capacity 𝑐 and the mass of the material. We assume the specimen large 
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Fig. 1. Simplified lumped parameter model representing coating (paint) and steel layers. 

as the region of interest from the thermal measurements. For a given 
cross-sectional area 𝐴 and thickness 𝑠, the total heat capacity is

𝐶 = 𝑐 𝐴 𝑠 (6)

and for small paint layers with short transients, one can express the 
heating rate dependence on thickness as

𝛿𝑇

𝛿𝑡 
= 𝑃

𝐴 𝑐 𝑠
(7)

The Simulink model therefore represents steel and paint as separate 
blocks. Each block has user-defined parameters for density, specific heat, 
and thickness, from which Simscape® computes the total thermal ca
pacity. By systematically varying these thicknesses and properties, the 
model investigates how thermal energy propagates in the paint coat
ing to reach the steel layer, and then how heat penetration is delayed 
and how the steel substrate thickness affects its own temperature evo
lution. The simulation outputs provide temperature-rise curves for both 
layers, allowing comparisons across different thickness configurations. 
In Table 1 the calibration values of the model parameters are reported. 
These calibration values are obtained from literature [59,60].

Environment conditions in the model fix the temperature at 293.15 
K, and a constant heat flux is imposed over a selected duration. Con
vective heat flow is negligible according to [36] [61] [62], which states 
that if the thermal transient is sufficiently short, heat loss due to con
vection can be neglected. In the model, the thickness values being used 
are as follows: the paint thickness ranges from 0.01 to 10 mm (0.01 mm, 
0.1 mm, 1 mm and 10 mm), while the steel thickness varies between 2.5 
and 10 mm (2.5 mm, 5 mm, 7.5 mm, 10 mm). It is worth noting that 
standard spray paint applications typically do not exceed a few tenths 
of a millimeter in thickness. Nevertheless, we chose to investigate the 
thermal response behavior with paint layers up to 10 mm thick in order 
to gain a comprehensive understanding of their effects and to provide 
critical information for assessing the reliability of surface temperature 
measurements on painted surfaces.

2.2. Materials and preparation

Experimental tests on steel samples is employed to investigate the 
impact of paint coatings on both heating and cooling transients. A steel 
calibration block (Fig. 2(a)), commonly used for ultrasonic testing, was 
chosen as the test article. 

The calibration block is made of 1018 carbon steel with uniform 
surface roughness (average of 5 measurements on base surface): Ra= 
0.157 ± 0.018, Rq= 0.215 ± 0.021, Rt= 2.672 ± 0.650, Rz= 1.361 ±
0.118, Rp= 0.717± 0.120, Rv= 0.645± 0.121 μm. Roughness measure
ments were performed by means of a RTP80 rugosimiter with a cut-off 
of 0.8 mm and measurement length of 5 mm.

The test block consists of a series of steps with varying thicknesses 
(from 2.5 mm to 50 mm) while maintaining a constant width of 25 mm x 

Fig. 2. Validation test piece (a) Step identification numbers for the tested thick
ness steps and (b) Heatmap showing the coating thickness distribution across 
the tested surface.

50 mm. This geometry allowed a direct comparison of thermal responses 
under identical heating conditions but different thicknesses.

The amount of energy actually deposited in the sample depends on 
the optical interaction between the laser and the surface. In heat trans
fer phenomena, if considering radiation (that is the energy transfer from 
laser to the target surface) there are three phenomena to take into con
sideration: transmission, reflection and absorption. Metallic substrates 
absorb only a limited fraction of the incident radiation, with the majority 
of the beam being reflected. For opaque surfaces transmission and reflec
tion can be neglected [63]. Transmission phenomena are described by 
the Beer-Lambert’s law [37][38][64], which are not taken into account 
in this model. In order to suppress reflection, the steel surface was first 
degreased with trichloroethylene and subsequently coated with a high
emissivity black paint, characterized by low reflectivity across the vis
ible to far-infrared spectral range. The application of a high-emissivity 
black paint layer minimizes surface reflection, enhances infrared absorp
tion, and ensures more accurate surface temperature measurements with 
the thermal camera. Since the coating is optically opaque, absorptance 
is effectively high and reflectivity can be safely neglected. Absorption 
becomes then dominant for the conservation of energy. The overall ab
sorption is a function of wavelength and temperature which can both be 
assumed as constant as laser light is monocromatic and literature states 
in the investigated temperature ranges the emissivity value does not 
change in effective way [65,66]. Emissivity was measured according to 
the Standard [67] and found to be 0.6 for steel and 0.93 for paint coat
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Fig. 3. Active thermography experimental setup with IR camera and laser 
source. (1) IR camera, (2) Laser, (3) protective panels, (4) test piece.

ing. The calculated emissivity data are consistent with values reported 
in the literature for two widely used coatings over comparable temper
ature ranges and wavelengths, showing only a modest dependence on 
temperature [66] [65].

The thickness of the paint layer was measured by means of coating 
thickness tester CG204 by EXTECH Instrumens (res. 0.1 μm). Thickness 
measurements of the paint layer showed an average layer of about 71.6 
μm with a standard deviation of 15.7 μm, achieving a reasonably uni
form coating (Fig. 2(b)).

2.3. Experimental setup

The temperature data was acquired using a thermal imaging system 
synchronized with the laser scanning head (Multi-DES), consisting in a 
IR thermal camera (FLIR A6751sc, sensitivity < 20 mK over a tempera
ture range extending up to 1500 ◦ C, spectral range 3--5 μm, resolution 
of 640×512 pixels) and a pulsed laser from IPG Photonics (model YLPN
V2-1-100-50-50, 1064 nm wavelenght, max power 50 W with a gaussian 
beam profile 6 mm in diameter) (Fig. 3). The FLIR camera is built around 
an advanced Indium Antimonide (InSb) detector and its 50 mm lens, 
combined with a highly flexible integration time ranging from 480 ns 
to 687 sec, allows for precise control over exposure conditions. More
over, the camera offers a programmable full-window frame rate from as 
low as 0.0015 Hz up to 125 Hz. The laser was focused on the bottom 
surface.

The laser power was set to 12.5 W power and 3 s on-time, delivering 
a total of 37.5 J of energy. Thermal maps were acquired at 100 Hz, 
ensuring a high temporal resolution. Testing was performed on painted 
bottom surface, targeting the center of each thickness step (Fig. 2(a)) 
and the thermal camera was positioned in reflection mode at a distance 
of 510 mm from the target surface (Fig. 3). All experiments were carried 
out under laboratory conditions, at room temperature (approximately 
298 K, 25 °C).

Two region of interest (ROI) were selected, one around the laser 
spot (Fig. 4 in blue) to obtain the maximum temperature 𝑇𝑚𝑎𝑥(𝑡) for 
each step and one encompassing the entire step area (Fig. 4 in yellow) 
over which the average temperature 𝑇𝑎𝑣𝑒𝑆𝑇𝐸𝑃 (𝑡) was calculated for each 
step, enabling a comparison between local and global thermal responses. 
From the acquired thermograms, the two experimental key parameters, 
that are the maximum temperature increment Δ𝑇𝑚𝑎𝑥(𝑡) and the area
averaged temperature increment Δ𝑇𝑎𝑣𝑒𝑆𝑇𝐸𝑃 (𝑡) were extracted.

Fig. 4. Example of selected ROI for data extraction. 

3. Results and discussion

The following section will report the results of the simulation and 
experiments. The time axis is interrupted at 10 s because stable trends 
are observed.

3.1. Effect of paint coating: analytical simulations

In Fig. 5 the temperature evolution in heating and cooling time in
tervals for the painted sample is reported, for different values of paint 
thickness (a=0.01 mm, b= 0.1 mm, c=1 mm, d=10 mm) and of steel 
thickness (blue=2.5 mm, orange=5 mm, green=7.5 mm, red=10 mm, 
which correspond to the first 4 steps of our experimental tests).

It is shown that the paint layer adds both resistance and heat ca
pacity, resulting in an initial temperature spike on the surface (Fig. 5). 
After this short transient, heat diffuses into the steel, and the long-term 
behavior aligns more closely with the substrate’s properties.

Further parametric studies on paint and steel thickness variations 
(Fig. 5 and Fig. 6) confirmed that beyond certain thickness thresholds, 
the paint’s influence hinders meaningful thickness discrimination. It is 
visible that for paint thicknesses over 1 mm the measurements overlaps. 
Moreover, from Fig. 6, can be seen how the paint produces a delay in 
the temperature increase. The Fig. 6 represents the temperature increase 
in the coupling surface between steel and paint, so, this measurement 
cannot be validated through experimental tests because the surface is 
not visible. For what concerns the steel temperature, it is worthy to 
observe that, for paint thickness 1 and 10 mm, the temperature in the 
steel continues to increase, also when the heat input is over, that is 
after, in this case, 3 seconds. This means that the thermal equilibrium 
between paint and steel is reached after a time interval which strongly 
depends on paint and steel thickness and of course on thermal input. 
For 10 mm paint thickness the simulated temperatures for both steel 
and paint surface tend to overlap, thus indicating different equilibrium 
balances take place.

3.2. Experimental results: influence of paint

The cooling phase of the thermal transient, particularly for the spa
tially averaged temperature, can be modeled by an exponential decay 
function:

Δ𝑇 (𝑡) = Δ𝑇0𝑒𝑥𝑝(−𝑡∕𝜏) (8)

where Δ𝑇0 is the initial temperature increment at the start of the cool
ing phase, and 𝜏 is the thermal time constant. This time constant en
capsulates the combined effects of thermal resistance and capacitance, 
governing the rate at which the system returns to thermal equilibrium. 
It is inversely related to the thermal diffusivity and is dependent on 
the material’s thickness, providing a quantitative link between the ob
served cooling behavior and the physical properties under investigation. 
A slower decay (larger 𝜏) corresponds to a greater thermal mass or 
lower diffusivity, which is consistent with thicker samples. The abil
ity to distinguish between different thicknesses is therefore contingent 
on resolving distinct 𝜏 values from the cooling curves.

In Fig. 7, the heating and cooling thermal profiles for maximum and 
average temperature in the ROIs are reported for the 7 steps undergo
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Fig. 5. Thermogram at the paint surface. Paint thickness: (a) 0.01 mm, (b) 0.1 mm, (c) 1 mm, (d) 10 mm; steel thickness: blue 2.5 mm, orange 5 mm, green 7.5 mm, 
red 10 mm.

Fig. 6. Thermogram at the steel surface. Paint thickness: (a) 0.01 mm, (b) 0.1 mm, (c)1 mm, (d) 10 mm; steel thickness: blue 2.5 mm, orange 5 mm, green 7.5 mm, 
red 10 mm.

ing thermal laser pulses, for painted test piece. Tests carried out only 
up to step 7 have been reported because for higher thicknesses the ther
mal profiles tend to overlap. Experimental results on painted specimen 
showed a clear dependence of the temperature evolution on substrate 

thickness and the experimental curves related to average temperature 
increment are comparable with the simulated one. As shown in Fig. 7, 
thinner steps heat faster, reach higher peak temperatures and cool more 
slowly under the same input energy.

Optics and Lasers in Engineering 196 (2026) 109400 

5 



R. Sesana, L. Santoro and L. Tromba 

Fig. 7. Temperature evolution vs thickness: (a) maximum temperature evolution, (b) average temperature evolution. 

Fig. 8. (a) Maximum temperature increment during heating; (b) Average tem
perature increment during heating, averaged over the step surface.

Fig. 7(b) refers to average temperature transient in heating and cool
ing profiles of painted test piece. In both profiles, a discontinuity is 
present, separating a steeper initial trend from a smoother subsequent 
trend. The steeper trend is referred to the evolution of the paint coating, 
indicating the paint role in altering the early transient.

Moreover, the temperature increment is way less than with the maxi
mum temperature. This is related to the fact that the thermal heat source 
has a gaussian distribution, which in the averaged measurement is fil
tered.

The average temperature curves are expected to be comparable with 
the lumped model ones, since the simulated ones do not consider the non 
uniform (in space) heat input. Additionally, the maximum temperature 
may suffer from non uniform photothermal properties of the surface, 
and in particular corrosion spots, reflections and superficial scratches 
may affect the maximum temperature measurement.

Therefore, the transient curves are split between the heating and 
cooling parts. In order to highlight differences, the cooling curves are 
presented in logarithmic scale. As regards the maximum temperature in
creases, both heating and cooling, by analyzing all thickness steps under 
painted conditions (Fig. 8(a) and Fig. 9(a)), it becomes evident that the 
early heating phase is dominated by paint properties, obscuring thick
ness differences. In contrast, the cooling phase allows some thickness 
discrimination up to about 10 mm. Beyond this limit, the curves over
lap, and thickness differences are no longer distinguishable.

Moreover, spatial averaging over the entire step area helps in par
tially recovering thickness discrimination. Fig. 8(b) and Fig. 9(b) show 
that when considering the broader area, distinct thermal profiles re
main visible for thicknesses up to around 10 mm. For thicker steps, the 
paint’s thermal inertia combined with the larger steel volume masks 
the differences. Both for maximum and averaged temperature, however, 
the cooling curve follows a robust trend with respect to the steel thick
ness. As expected, the mean temperature cooling curves (Fig. 9(b)) are 
smoother and more distinct.

Fig. 9. (a) Maximum temperature increment during cooling; (b) Average tem
perature increment during cooling, averaged over the step surface.

3.3. Lumped parameter model validation

Fig. 10 shows the average temperature increase from step 1 (2.5 
mm) to step 4 (10 mm of steel), comparing the simulation curves for 
both the test piece surface (Tpaint) and the coupling surface (Tsteel) 
with the experimental curves for the individual steps. The experimental 
curves related to average temperature increment is comparable with the 
simulated ones referred to paint temperature. This because the lumped 
parameter is 0D and it assumes a uniform temperature distribution on 
the step area. The different slope trend can be attributed to different ef
fects. First of all the lumped parameter model considers a perfect square 
wave lasting 3 seconds. The experimental laser wave has last a 3 second 
interval with starting and ending transients which deviate the tempo
ral square shape. Compared to the 3 second wave interval, we assumed 
that these transients neglectable and not requiring a detailed simulation. 
Other effects are non simulated experimental setup discrepancies, for 
example non uniform heating, corrosion spots and superficial scratches 
may affect the temperature measurement.

4. Extended discussion and practical implications

The key takeaway is that while black paint coatings stabilize emissiv
ity and reduce reflections, they introduce a short-time transient mask
ing effect. For applications requiring thickness discrimination—such as 
evaluating thin-walled structures, detecting small defects, or character
izing layered materials—this masking can reduce the reliability of AT 
measurements.

Potential strategies to mitigate these issues include:

• Using thinner or more conductive paint coatings to minimize the 
initial transient distortion.

• Analyzing data over time intervals that exceed the initial transient, 
focusing on the part of the curve where substrate properties domi
nate.
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Fig. 10. Average Temperature increment simulated vs experimental: (a) step 1 (steel 2.5 mm), (b) step 2 (steel 5 mm), (c) step 3 (steel 7.5 mm), (d) step 4 (steel 10 
mm).

• Applying spatial averaging or advanced signal processing tech
niques (e.g., inverse methods, machine learning) to filter out the 
coating-induced artifacts.

In industrial contexts where coatings are standard—such as cor
rosion protection layers on marine or aerospace components—under
standing and compensating for these effects is essential. The results 
presented here provide a framework to approach data interpretation, 
guiding users to adjust data processing strategies or experimental pa
rameters to maintain reliable thickness differentiation.

5. Conclusions

This study has quantitatively demonstrated the significant masking 
effect that a high-emissivity paint coating can have on the ability of 
laser-long pulse active thermography to discriminate substrate thick
ness. Our integrated approach, combining analytical modeling, numer
ical simulation, and experimental validation, leads to the following key 
conclusions:

• Coating-Induced Transient Masking: The low thermal diffusiv
ity of the paint layer induces a rapid initial temperature spike that 
dominates the early thermal transient, effectively masking the more 
subtle, thickness-dependent response of the steel substrate. This ef
fect is a direct consequence of the thermal barrier created by the 
coating.

• Limits of Thickness Discrimination: We have established a prac
tical thickness discrimination threshold of approximately 10 mm 
for the coated steel samples under our experimental conditions. Be
yond this threshold, the thermal responses of different thicknesses 
become indistinguishable, even with the use of spatial averaging.

• Efficacy of Mitigation Strategies: Spatial averaging of the tem
perature data and focusing on the later cooling phase have been 
shown to be effective strategies for partially mitigating the masking 
effect. These methods help to filter out localized noise and empha
size the bulk thermal behavior of the substrate, thereby improving 
the signal-to-noise ratio for thickness discrimination.

• Practical Implications for NDE: The findings underscore the crit
ical need for careful consideration of coating properties in any 
quantitative application of active thermography. For reliable NDE, 
practitioners must either select coatings with thermal properties 
that minimize transient masking (e.g., thin, high-conductivity lay
ers) or employ advanced data analysis techniques to deconvolve the 
coating’s influence from the measured signal.

In summary, while emissivity-enhancing coatings are indispensable 
for many thermographic applications, their thermal properties are not 
benign. A thorough understanding of the trade-off between improved 
emissivity and transient masking is essential for ensuring the accuracy 
and reliability of active thermography as a quantitative NDE tool.
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