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INTRODUCTION

Infrared thermography inspection has become 
increasingly valuable for assessing various mate-
rials and structures in non-destructive testing and 
evaluation (NDT&E) applications [1]. It has been 
applied to infrastructure [2], composite-metal 
structures [3], aircraft structures [4], and carbon fi-
ber reinforced polymer (CFRP) materials [5,6]. To 
accommodate the inspection of large-scale com-
ponents, researchers have introduced techniques 
such as laser spot thermography (LST) with nar-
row line excitation and flying line configurations 
[7]. These configurations involve the movement 
of the excitation source across the field of view 
(FOV– the viewing angle of the entire optical sys-
tem of the camera, i.e. how wide the camera sees 

the scene) at a constant speed [8]. In some studies, 
a two-step approach has been proposed for data 
reconstruction in LST: first, extracting tempera-
ture series features such as maximum temperature 
for each pixel, and second, aligning the starting 
points of each time series according to the maxi-
mum temperature [9]. However, limitations per-
sist, particularly regarding the fixed and limited 
FOV. To address this limitation, scientists have ex-
plored moving both the camera and the excitation 
source [10]. This approach presents challenges in 
data reconstruction due to the motion of the FOV. 
The pseudo-static motion reconstruction (PSMR) 
method has been proposed to process data cap-
tured in [11], performed by translating each frame 
by an integer number of pixels. PSMR-based al-
gorithms assume a constant integer motion speed, 

Radiometric data compensation methods for dynamic 
temperature recording

Karol Grochalski1* , Marcin Białek2

1	 Institute of Mechanical Technology, Division of Metrology and Measurement Systems, Poznan University 
of Technology, Faculty of Mechanical Engineering, ul. Piotrowo 3, Poznan 60-965, Poland 

2	 Faculty of Mechanical Engineering, Institute of Mechanical Technology, Division of Mechatronic Devices, 
Poznan University of Technology, ul. Piotrowo 3, Poznan 60-965, Poland 

* Corresponding author’s e-mail: karol.grochalski@put.poznan.pl

ABSTRACT
Infrared thermography inspection has become increasingly valuable for assessing various materials and structures 
in non-destructive testing and evaluation applications. This study investigates the challenges and methodologies 
associated with thermographic measurement of moving objects, with a particular focus on the impact of motion 
speed and object size on temperature reading accuracy. To address the issue of image distortion caused by motion, 
a pixel-shifting compensation algorithm was developed, which corrects the distortion of the thermal image caused 
by the motion of the object. The proposed method enables the identification and extraction of areas with elevated 
temperatures (artifacts), even under conditions of dynamic scene changes. The results demonstrate the potential 
for isolating moving objects from thermal backgrounds, even at high speeds. Despite the decrease in the number 
of visible frames as velocity increases, the method proved effective in reliably identifying and tracking thermal 
signatures. Further investigation will be conducted to refine the relationship between shift factor and object ve-
locity, particularly in the non-linear regime, to enhance the robustness of compensation methods for high-speed 
thermographic inspections.

Keywords: thermography, radiometric compensation, pixel-shifting algorithm, dynamic thermal imaging, non-
destructive testing.

Received: 2025.10.29
Accepted: 2025.02.15
Published: 2026.03.01

Advances in Science and Technology Research Journal, 2026, 20(4), 260–270
https://doi.org/10.12913/22998624/214948
ISSN 2299-8624, License CC-BY 4.0

Advances in Science and Technology 
Research Journal

https://orcid.org/0000-0002-8755-0851
https://orcid.org/0000-0003-0828-1524


261

Advances in Science and Technology Research Journal 2026, 20(4), 260–270

which may not hold true in practice. Attempts to 
address this issue include estimating velocity us-
ing laser beam or object edge features. To opti-
mize reconstruction algorithms and enhance de-
fect detection in LST, the line-scanning thermog-
raphy reconstruction (LSTR) algorithm has been 
proposed [8]. LSTR utilizes velocity mapping 
and spatial interpolation techniques to align scan-
ning data spatially and temporally, resulting in 
improved defect detection rates. Additional meth-
ods such as CNN-based thermographic analysis 
[12,13], super-resolution laser line scanning [14], 
and compensation of measurement interferences 
[15] have further extended the capabilities of LST 
techniques. Furthermore, hybrid approaches com-
bining thermography with optical metrology [16] 
or implementing filtered contrast techniques [17] 
have demonstrated enhanced accuracy in defect 
characterization. In summary, infrared thermog-
raphy offers significant potential for NDT&E ap-
plications across various materials and structures. 
Advancements in techniques such as LST, PSMR-
based algorithms, and hybrid methodologies have 
led to improved defect detection capabilities, but 
challenges remain in achieving accurate and effi-
cient data reconstruction. Further research is need-
ed to address these challenges and unlock the full 
potential of infrared thermography in NDT&E.

Thermographic examination of moving ob-
jects presents unique challenges due to the dy-
namic nature of the inspection process. Tradi-
tional thermography methods are often optimized 
for stationary objects, where the camera and the 
object remain relatively still during data acqui-
sition. However, when dealing with moving ob-
jects, such as machinery components or vehicles, 
several factors need to be considered to ensure 
accurate and reliable thermographic inspections. 
Based on the literature review, several areas of 
concern were identified:

One of the primary challenges in thermo-
graphic examination of moving objects is motion 
blur. The movement of the object during image 
acquisition can result in blurred thermal images, 
reducing the clarity and quality of the captured 
data. To mitigate motion blur, specialized tech-
niques such as high-speed thermography or syn-
chronization of camera exposure with object mo-
tion may be employed. These techniques help to 
minimize the effects of motion blur and improve 
the overall quality of thermal images.

Another consideration is the synchronization 
of thermal data acquisition with the motion of the 

object. In applications where precise temperature 
measurements are required, it is essential to ensure 
that thermal images are captured at the right mo-
ment in the object’s motion cycle. This may involve 
triggering the camera based on motion sensors or 
integrating thermal imaging systems with the ob-
ject’s control system for real-time synchronization.

Furthermore, the analysis of thermal data 
from moving objects may require advanced signal 
processing techniques to account for variations in 
object motion and temperature distribution. Algo-
rithms for motion compensation, image registra-
tion, and temporal analysis may be employed to 
accurately analyze thermal data captured from 
moving objects and detect anomalies or defects.

MATERIALS AND METHODS

Accurate non-contact temperature measure-
ment requires determining the emissive proper-
ties of the examined surface, defining the obser-
vation angle, and assessing whether the object is 
stationary or in motion. The emissivity coefficient 
(ε), one of the most crucial factors in non-contact 
measurements, depends on the material composi-
tion of the object as well as the texture of its sur-
face. Additionally, these factors are influenced by 
the temperature of the measured object.

To minimize the impact of external factors 
when analyzing the effect of motion speed on 
dynamic temperature measurements, the study 
employed an autonomous blackbody emitter 
PCO TW88/Zs2 (Figure 1b) with a known sur-
face emissivity of ε = 0.98. This device allowed 
for precise temperature control across the entire 
measurement surface. The system enabled ac-
curate temperature settings in the range of 27 °C 
to 50 °C, with a precision of better than 0.1 °C. 
Furthermore, the emitter was equipped with a slit 
aperture mount, which facilitated the evaluation 
of the camera’s detection capabilities for small 
objects or those with limited radiative capacity, 
whether stationary or in motion.

In thermographic techniques, a blackbody 
serves as a reference standard for accurate tem-
perature measurement. By conducting both static 
and dynamic measurements with a reference 
source, it is possible to minimize disturbances 
that could affect the accurate determination of 
parameters compensating for dynamic factors in 
the conducted measurements. For the purpose of 
this study, a FLIR T620 thermal imaging camera 
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was used, featuring a 640 × 480 pixel sensor. In 
terms of spatial (geometric) resolution, its instan-
taneous field of view (IFOV – the viewing angle 
of a single detector pixel of the thermal camera / 
optical system) is 0.62 milliradians, while its ther-
mal resolution, defined as the noise equivalent 
temperature difference (NETD). It is the small-
est temperature difference between the object and 
the background that the thermal camera is able to 
register with a signal equal to the detector’s own 
noise level), is 0.05 °C. It should also be noted 
that NETD depends on several factors, such as 
ambient temperature, detector wavelength, and 
the noise level of the camera’s electronics. The 
maximum measurement error of the device is ±2 
°C or ±2% of the recorded temperature, with the 
greater of these two values being considered the 
limiting error.

To ensure the accuracy of the camera’s read-
ings and its proper calibration, independent tem-
perature reference sources LAND P550P and 
LAND P80P were used, both holding valid cali-
bration certificates. Measurement accuracy was 
assessed after the thermal stabilization of both the 
camera and the reference sources, maintained in 
a static state. This approach aimed to minimize 
measurement errors and correctly determine both 
actual and apparent temperatures on the moving 
thermal emitter.

The temperature of the radiator was measured 
in such a way that the thermal imaging camera 
observed the object with its deviation angle from 
the optical axis not exceeding 30°, and the radia-
tor was positioned as close as possible to ensure 
the required geometric resolution. The data re-
cording frequency for a full frame is defined as 
30 Hz (the maximum recording frequency for the 

implemented bolometric detector of the applied 
thermal imaging camera). Thermograms were 
analyzed using FLIR ResearchIR MAX software, 
which allows for determining the influence of ve-
locity on accurate temperature readings and de-
fining a compensation curve (provided that the 
surface temperature is known).

The temperature radiator was mounted on the 
UR3 robot, and its trajectory followed a straight 
line. The movement distance of the radiator was 
1 meter (excluding the section required for the ro-
bot arm to decelerate and accelerate), as schemat-
ically shown in the figure (Figure 1a). The robot 
performed six passes in each direction for every 
test (12 readings on the thermogram). The linear 
movement speed (preset) was defined in the range 
of 200–1400 mm/s. The set temperature on the 
surface of the radiator was 50 °C. The test stand 
is shown in Figure 1c.

Figure 2 shows the blackbody radiator in the 
two test scenarios considered. The situation ana-
lysed is one in which there is full exposure of the 
radiator (Figure 2a) and one in which an aperture 
is applied to the radiator to limit the emission of 
thermal radiation (Figure 2b). Provided aperture 
was a screen with a two 2 mm slots. This ap-
proach allows for measurements when the tested 
object is small in size or located at a significant 
distance from the thermal camera (assuming neg-
ligible atmospheric attenuation).

The raw data was acquired using the software 
Flir Tools. It allows the generation of a file with 
a.csv extension containing the individual frames 
of the camera footage. The data structure consists 
of a column containing the frame number and the 
relevant number of columns and rows correspond-
ing to the resolution of the recorded image. In 

Figure 1. Measurement setup for studying the impact of movement speed on non-contact temperature reading: 
(a) robot arm with designated motion trajectory, (b) blackbody radiator PCO TW88/Zs2, c) robot arm with 

mounted blackbody emitter
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this case 300 × 300 px (pixels). The data in the 
individual cell contains an indication of the tem-
perature (Figure 3). A Python script was written to 
extract the data from the file and save it as a Pan-
das dataframe, for further analysis. Figure 3 shows 
an example of two frames containing a heatmap 
visualisation of the data. One may observe that the 
recorded image of an object in motion is distorted. 
For this reason, this article proposes some meth-
ods for analysing the acquired data and the pos-
sibilities for image data compensation.

RESULTS

Static temperature measurements

In the first part of the study, the tempera-
ture was measured in a static state for the radia-
tor without a slot screen (Figure 4a), and then 
a screen with a 2 mm slot was installed (Figure 
4b). The measurement area emits infrared radia-
tion across its entire surface, and the radiation is 
not attenuated. Illustration (Figure 4b) presents a 
thermal image of the CDC radiator, where the ra-
diation passing through the screen is attenuated, 

and the recorded temperature values are lower 
than the reference value. The difference in read-
ings is ∆Tref(o-s) = 4.7 °C ± 0.1 °C.

The radiator without a screen was used as a 
measurement variant when the tested object (ei-
ther stationary or in motion) was sufficiently large 
to minimize the influence of the thermal camera’s 
geometric resolution on the temperature reading. 
The addition of a slot screen is a study variant 
that allows for the determination of its effect in 
situations where the tested object is very small or 
located far from the thermal camera, and the in-
frared radiation emission is attenuated.

Dynamic temperature measurements

The plots in Figure 5 present the recorded 
temperature values of the blackbody radiator in 
motion for selected linear velocities in the range 
of 200–1400 mm/s.

When analyzing the temperature read-
ings as a function of the linear velocity of 
the radiator’s motion, it should be noted that 
for large objects, which can be observed over  
a significant area of the infrared detector, the 

Figure 2. Two blackbody test scenarios: (a) radiator without aperture, (b) radiator with aperture

Figure 3. Raw data structure – the individual frames of the captured camera footage
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temperature drop is minimal—approximately 
0.3 °C (within the tested velocity range) with 
a monotonic linear trend (Figure 5a). Further-
more, the graph indicates the standard deviation 
of the measured values, equal to 0.12 °C (Fig-
ure 5c). This value meets the noise equivalent 
temperature difference criterion while remain-
ing within the acceptable error margin of the 
thermal camera. The standard deviation value 
in this study variant is fundamental to under-
standing the nature of temperature readings in 

motion (dynamic state). If the standard devia-
tion remains constant regardless of the object’s 
velocity and has a low value, this state can be 
interpreted as stable and undisturbed, indi-
cating that the thermogram contains sufficient 
radiometric information for accurate surface 
temperature determination. Another key obser-
vation is that the measured temperature of the 
moving CDC surface (above the threshold ve-
locity for a given thermal camera) is lower than 
the reference temperature recorded in the static 

Figure 4. Reference temperature values for a blackbody radiator in static condition: a) radiator without aperture 
Tref(o) = 50 °C ± 0.1 °C, b) radiator with aperture Tref(s) = 45.3 °C ± 0.1 °C

Figure 5. Plots of temperature values for an emitter in a dynamic state: (a) without slit screen – a close-up view 
on the range of interest, (b) legend, (c) without slit screen Tref = 50 °C ± 0.1 °C, 

(d) with slit screen Tref = 45.3 °C ± 0.1 °C
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state (Figure 4). This effect may be associated 
with the averaging of radiance on the bolomet-
ric matrix or thermal image blurring. Based on 
the graph, it can also be concluded that for ob-
jects captured over a large area of the thermal 
camera’s detector matrix, motion velocity has a 
minimal impact on disturbances and the accura-
cy of temperature readings, as confirmed by the 
standard deviation analysis.

Figure 5d shows the second variant of the 
study, in which a slot screen was placed on the 
infrared radiator. The screen significantly reduc-
es the amount of radiation reaching the thermal 
camera. As mentioned in the methodology (sec-
tion 2), this approach allows for measurements 
when the tested object is small in size or located 
at a significant distance from the thermal camera 
(assuming negligible atmospheric attenuation). It 
should be noted that as the velocity increases, the 
temperature value recorded from the thermogram 
decreases. This relationship follows a exponential 
pattern in the considered boundary values of the 
experiment. The range of temperature differences 
between the static state of the CDC radiator with 
the screen and the dynamic state falls within the 
range of 5.1 °C to 12.4 °C.

An important insight comes from the analy-
sis of the standard deviation. The trend follows a 
power-law characteristic, which clearly indicates 
greater variability in the recorded data, and thus, 
increased disturbances. A noticeable increase 
in the standard deviation—disturbances occurs 
above a motion speed of 1000 mm/s. This effect 
is closely related to the amount of data recorded 
by the bolometric detector, as well as the bolom-
eter’s response frequency limit to changes in in-
frared radiation. The amount of data—radiation is 
limited by the physical screen, which also affects 
the thermal camera’s geometric resolution capa-
bilities. Based on the graph, it can be concluded 
that for small objects, the motion velocity plays a 
significant role in the accuracy of the temperature 
reading. Additionally, the measured temperature 
is significantly lower than the reference value.

Data compensation methods

Figure 6 presents the results of applying the 
developed artifact extraction algorithm to raw 
thermographic data recorded for a moving ob-
ject with a velocity of 200 mm/s. The proposed 
method enables the identification and extraction 

of areas with elevated temperatures (artifacts) 
from individual frames of the thermal sequence.

Figure 6a shows a reference frame (frame no. 
100) acquired in the absence of the moving ob-
ject. The thermogram remains uniform without 
any temperature gradients indicating the object’s 
presence. Figure 6b presents five consecutive 
frames (frames no. from 313 to 317) in which the 
object passes through the camera’s field of view. 
The extracted artifacts, corresponding to the ar-
eas of increased temperature, are clearly visible 
and follow the shape and position of the mov-
ing object. Figure 6c illustrates the trend of the 
average temperature calculated for each frame 
across the entire recorded sequence. Distinct pe-
riodic peaks are observed, which correspond to 
the successive appearances of the moving object 
in the scene. The dashed orange line represents 
a predefined temperature threshold applied in the 
artifact detection process. Each peak exceeding 
this threshold indicates the presence of the object 
with higher surface temperature compared to the 
background. Figure 6d provides the applied tem-
perature scale range, used for thermogram visual-
ization. Selected frames with the highest recorded 
average temperature values are shown in Figure 
6e. These frames correspond to the moments 
when the moving object is fully visible within the 
scene. The effectiveness of the algorithm in isolat-
ing the object from the background is confirmed 
by the consistent shape, size, and position of the 
detected artifacts across the entire sequence.

Figure 7 presents the results of the artifact ex-
traction algorithm applied to thermographic data 
of a moving object at a velocity of 1400 mm/s. 
The increased speed of the object significantly 
affects the characteristics of the recorded ther-
mal signal. The observed peaks are sharper and 
narrower, corresponding to the brief presence of 
the object in the camera’s field of view (Figure 
7c). The applied threshold (orange dashed line) 
enables effective detection of frames containing 
the object despite its rapid movement. Despite the 
high velocity, the artifact extraction algorithm ef-
fectively identifies the object’s location and shape 
in each frame (Figure 7e). 

The results confirm the robustness of the 
proposed method in processing thermographic 
data of fast-moving objects. The algorithm al-
lows for reliable detection and isolation of ther-
mal artifacts even under conditions of dynamic 
scene changes. For the object moving at a veloc-
ity of 1400 mm/s (Figure 7), the detected thermal 
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Figure 6. Motion velocity 200 mm/s: (a) frame without object, (b) 5 consecutive frames with object, (c) graph 
of average temperature value in frames, (d) colour scale of thermogram, (e) frames with highest average 

temperature (with detected objects)

Figure 7. Motion velocity 1400 mm/s: (a) frame without object, (b) 5 consecutive frames with object, (c) 
graph of average temperature value in frames, (d) colour scale of thermogram, (e) frames with highest average 

temperature (with detected objects)
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artefacts are noticeably narrower and deformed 
compared to the lower velocity case (Figure 6). 
This results from the significantly shorter expo-
sure time of the object within a single frame. In 
the following part of the article, a method for im-
age distortion compensation will be presented to 
reconstruct the actual shape and dimensions of 
the moving object.

Figure 8 presents the relationship between the 
object velocity and the average number of record-
ed frames containing the moving object (artifact). 
As expected, the higher the velocity of the mov-
ing object, the smaller the number of frames in 
which the object is visible. This effect is directly 
related to the motion dynamics and the temporal 
resolution of the recording system.

The results clearly indicate that for low ob-
ject velocities (below approximately 400 mm/s), 
the number of frames capturing the object is rela-
tively high. However, for higher velocities, the 
average frame count decreases rapidly, and for 
velocities exceeding 1000 mm/s it stabilizes at a 
minimum level. This observation is crucial from 
the perspective of radiometric compensation 
methods, as it highlights the limitations of using 
static correction models in dynamic scenarios.

The proposed image compensation algorithm 
is based on a pixel-shifting method, which cor-
rects the distortion of the thermal image caused 
by the motion of the object. As shown in Figure 9, 
the original frame (left) contains a deformed ther-
mal image of the moving object due to its relative 

displacement during the exposure time. The com-
pensation process involves shifting the pixels in 
the frame along the direction of motion to restore 
the correct geometry of the object. 

The shifting amount for each row of pixels 
is determined by the so-called “Frame Shifting 
Curve” (middle), which describes the relationship 
between the pixel shift amount and the vertical po-
sition in the frame. The slope of this curve depends 
on the velocity of the moving object and the cam-
era parameters (e.g., frame rate, exposure time).

	

 

 𝑠𝑠𝑤𝑤 = 𝑠𝑠𝑓𝑓 ∙ ℎ𝑂𝑂 (1) 
 
 𝑆𝑆𝑆𝑆(𝑉𝑉) = 𝑎𝑎 ∙ 𝑉𝑉 + 𝑏𝑏 (2) 
 
 𝑆𝑆𝑆𝑆(𝑉𝑉) = 𝐴𝐴 ∙ tan⁡(𝐵𝐵 ∙ 𝑉𝑉) (3) 
 

	 (1)

where:	 sw is the shift amount applied to each row 
[px], sf is the maximum shift factor ap-
plied to the top row [-], h0​ is the row in-
dex, starting from 0 for the top row [px].

As a result of the applied shifting operation 
(right), the image is corrected, and the object re-
gains its original, undistorted shape. The bottom 
part of the figure illustrates a schematic represen-
tation of the shifting process, where the pixels in 
each row are moved by a specific amount accord-
ing to the calculated shift vector. This method 
enables accurate reconstruction of the object’s 
geometry in the thermal image despite its motion 
during the recording.

The results presented in Figure 10 demonstrate 
a clear dependency between the shift factor and the 
object velocity. In order to describe the observed 
behavior, two approximation functions of shift 

Figure 8. The average number of consecutive frames containing the moving object recorded in relation to its 
velocity
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factor SF(V) [-] were proposed. For lower veloci-
ties, the relationship remains approximately linear, 
which suggests the possibility of using a simplified 
linear compensation model in this range:

	

 

 𝑠𝑠𝑤𝑤 = 𝑠𝑠𝑓𝑓 ∙ ℎ𝑂𝑂 (1) 
 
 𝑆𝑆𝑆𝑆(𝑉𝑉) = 𝑎𝑎 ∙ 𝑉𝑉 + 𝑏𝑏 (2) 
 
 𝑆𝑆𝑆𝑆(𝑉𝑉) = 𝐴𝐴 ∙ tan⁡(𝐵𝐵 ∙ 𝑉𝑉) (3) 
 

	 (2)

However, as the object velocity increases, 
the relation tends to saturate, and the shift factor 
grows non-linearly, based on the tangent:

	

 

 𝑠𝑠𝑤𝑤 = 𝑠𝑠𝑓𝑓 ∙ ℎ𝑂𝑂 (1) 
 
 𝑆𝑆𝑆𝑆(𝑉𝑉) = 𝑎𝑎 ∙ 𝑉𝑉 + 𝑏𝑏 (2) 
 
 𝑆𝑆𝑆𝑆(𝑉𝑉) = 𝐴𝐴 ∙ tan⁡(𝐵𝐵 ∙ 𝑉𝑉) (3) 
 

	 (3)
where:	a, b, A, B – constants fitted to the experi-

mental data [-].

The usage of the tangent function allows cap-
turing the rapid increase of the shift factor for 
intermediate velocities, while simultaneously re-
flecting the saturation effect for higher velocities. 
This type of function appears to be particularly 

Figure 9. Schematic representation of the image distortion compensation algorithm based on the pixel-shifting 
method: (left) original distorted frame, (middle) frame shifting curve defining the shift amount for each row 

depending on the object velocity, (right) corrected (shifted) frame with restored object geometry

Figure 10. Relationship between the shift factor used in the compensation algorithm and the object velocity. The 
initial section exhibits a linear trend, whereas for higher velocities the function tends to flatten. This behaviour 
suggests the applicability of non-linear functions (e.g., tangent or logarithmic) for shift factor approximation
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suitable for dynamic scenarios with varying mo-
tion speeds. Figure 11 presents an example of the 
object image processing steps used in the pro-
posed method. The left image shows the original 
thermographic frame captured during the experi-
ment. The middle image presents the result of the 
frame shifting operation used for motion com-
pensation. The right image shows the final result 
after applying a Gaussian filter to smooth the dis-
continuities caused by the shifting process. The 
zoomed-in regions highlight the improvements 
in edge continuity and temperature distribution 
achieved after the filtering operation.

CONCLUSIONS

This study investigated the challenges and 
methodologies associated with thermographic 
measurement of moving objects, with a particu-
lar focus on the impact of motion speed and ob-
ject size on temperature reading accuracy. A fully 
automated measurement process was developed, 
enabling precise, repeatable, and consistent data 
acquisition using a calibrated blackbody source 
and a high-resolution thermal imaging camera.

The results clearly indicate that large objects, 
occupying a significant area of the detector ma-
trix, can be thermographically analyzed while in 
motion with minimal loss of temperature read-
ing accuracy. In such cases, the temperature drop 

remains small and follows a nearly linear trend 
with increasing speed, with the standard devia-
tion of temperature readings staying within the 
acceptable limits of the system’s NETD. Con-
versely, when observing small objects—espe-
cially through a limited aperture—the accuracy 
of thermographic measurements degrades signifi-
cantly with increasing speed. In these conditions, 
the recorded temperature decreases noticeably, 
and the data variability increases, particularly 
above 1000 mm/s. This highlights the importance 
of geometric resolution and exposure time in cap-
turing accurate thermal information from fast-
moving, small-sized objects.

To address the issue of image distortion 
caused by motion, a pixel-shifting compensation 
algorithm was developed. This method corrects 
the geometric deformation of thermal images by 
shifting pixel rows according to a shift factor de-
rived from the object’s velocity. The relationship 
between the shift factor and the velocity was mod-
eled using both linear and non-linear functions. 
While a linear approximation suffices for lower 
speeds, a tangent-based model more accurately 
describes the behavior at higher velocities, cap-
turing the saturation trend observed in the experi-
mental data. The artifact extraction algorithm de-
veloped in this study further demonstrates the po-
tential for isolating moving objects from thermal 
backgrounds, even at high speeds. Despite the de-
crease in the number of visible frames as velocity 

Figure 11. Shifted frame interpolation
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increases, the method proved effective in reliably 
identifying and tracking thermal signatures.

Future work will focus on defining the critical 
speed limit beyond which temperature measure-
ments become unreliable, and determining the min-
imum object size that can be accurately captured 
under both static and dynamic conditions. Addi-
tionally, further investigation will be conducted to 
refine the relationship between shift factor and ob-
ject velocity, particularly in the non-linear regime, 
to enhance the robustness of compensation meth-
ods for high-speed thermographic inspections.
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