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ABSTRACT

A drone-based inspection system that can move “freely” around an aircraft to perform the inspection of all the areas of
interest in a fast and effective manner can have significant impact in reducing inspection time and cost. However, active
thermography inspection using drone is challenging because the drone carrying the optical and thermal cameras is
subjected to vibration and undesired motion. Since active thermography relies on the pixel temperature evolution over
time, an unstable thermal video from a flying drone can cause error in the output results as any movement between the
acquired images will affect the pixel position in the successive frames and thus disrupt the monitoring of the temperature
evolution. This paper presents the outcome of experimental runs, where a commercially available drone equipped with
both thermal and optical cameras was used to inspect a helicopter Main Rotor Blade (MRB) in a laboratory environment.

Keywords: Drone based inspection, active thermography, video stabilization, aircraft structure

1. INTRODUCTION

The use of drones for the remote inspection of large and/or difficult to access areas have significantly grown in the last
few years. Constant technological improvements have contributed to making drones more affordable and easier to
deploy. Technological developments have also had a great impact on development and improvement of variety of drone
mounted sensors, which are now smaller, lighter and with improved performance. Infrared Thermography (IRT) sensors
have witnessed drastic changes in terms of cost and miniaturization. IRT can be used for contactless survey of thermal
differences between the background and the article of interest, and when combined with drones it makes a perfect match
for rapid survey of wide and hard to access areas. The use of drone based IRT systems have been explored for numerous
applications such as: precision agriculture (monitor nutrients levels or lack of water in crop fields [1]; building
inspections (poor insulation, air leakages, moisture) [2]; quality assessment of large structures (inspection of
photovoltaic panels farms, wind turbines) [3]; for surveillance applications (conservation, law enforcement, military) [4];
inspection of industrial sites [5], etc. In most of these cases, the passive approach has been employed, i.c., the
observation of thermal phenomena without the use of external energy stimulation, with the assumption that the features
of interest (animals, plants, buildings, etc.) will naturally produce thermal gradients that can be clearly distinguished
from the background. A different approach is needed when the features of interest are at approximately the same
temperature as the background. This is the situation encounter for the inspection of aircraft structures during production
or in-service, where typical anomalies can be difficult to detect visually (e.g. cracks, impact damage) and/or can be
hidden inside the materials (e.g. delaminations, internal damage, water ingress). In such cases, an active thermography
approach is better suited to thermally stimulate the structures to be inspected with a controlled energy source. In an
active thermography technique, a sample is heated using an external thermal source such as a flash or heating lamp,
while a thermal camera is used to capture the thermal response of the sample over a short time period, which typically
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spans from a few to several seconds [6]. The acquired time-lapse thermal images are then processed in time domain,
frequency domain or using other techniques such as principal component analysis, wavelet or others [7]. Pixels that
appear different than the surrounding areas in the processed thermogram (sequence of thermal images) are identified as
features of interest and potential anomalies. The active thermography technique works well for a stationary and robotic
setup, where the thermal camera is held steady or can be moved in a pre-defined trajectory. For in-service inspection, the
ideal situation would be to inspect an aircraft without the need of removing any component. Therefore, a drone based
active thermography system that can move “freely” around the aircraft performing the inspection of all the areas of
interest in a fast and effective manner can have significant impact in reducing inspection time and cost. Therefore, this
work presents results of drone-based active thermography technique to inspect helicopter blade in an indoor laboratory
environment.

2. EXPERIMENTAL SETUP

In this work, an out of service Main Rotor Blade (MRB) of a Bell 412 helicopter was inspected using a drone-based
active IRT system. The blade is fabricated out of different materials, which include: composite skin, honeycomb core,
metal leading edge, etc. The IRT setup consists of a stationary pulsed thermal IRT system to thermally excite the
structure using two 2400J Xenon flash lamps. For acquiring thermal and visual image streams, an off-the-shelf DJI
Mavic 2 Enterprise Advanced drone [8] was used. The drone was navigated manually by a pilot in an indoor facility by
maintaining a height of approximately 0.5 meters above the specimen while acquiring the thermal and optical footage.
The experimental setup along with a typical frame extracted from the drone’s optical and the thermal cameras is shown
in Figure 1. Thermal and optical videos were acquired at a resolution of 640x512 and 1980x1020 pixels, respectively
with 30 frames per seconds acquisition speed and saved in an .MP4 format [8] for further processing. Scene range setting
was set to high gain, which allowed monitoring thermal features from -20 °C to 150 °C [8]. Since the drone IR camera,
when used in the video mode is not radiometric and only provides RGB value from an MP4 video, a grayscale colormap
was selected in the drone IR camera setting for ease of post-processing and to ensure a known color scale (i.e. -20 °C
corresponding to black, and 150 °C corresponding to white). Auto level and auto range features from the IR camera were
disabled so that the color scale remained constant for the entire acquisition duration. For comparison purposes, infrared
images were also acquired from a stationary IR camera with a sensitivity of 0.02 °C and a spatial resolution of 240x320
pixels. There was no synchronization between the thermal excitation and the data recording using the drones’ camera.
Thus, the recording from the drone’s camera was started manually a few seconds before the thermal excitation. The
acquired thermal sequences were trimmed to remove any unwanted images, based on the spike in temperature
corresponding to the point of flash excitation.

Figure 1: (a) Entire blade, (b) experimental setup, (c) optical image, and (d) thermal image acquired from the drone’s camera.
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3. ANALYSIS, RESULTS AND DISCUSSIONS

Active thermography relies on analyzing thermal evolution over time; therefore, any undesirable motions can disturb the
pixel-wise alignment of consecutive frames adding to noise. Drones are inherently unstable, thus any videos acquired
from a drone’s camera will have some degrees of undesired motion even with on-board stabilization and gimbals. A
quick study was performed to witness the effect of undesired motion on the final thermographic results. Sequences of
thermal images acquired by a stationary thermal camera were randomly translated and rotated at varying degrees before
processing. The post-processed results are shown in Figure 2, where the effect of random motion can be clearly seen.
Even with a random motion of only +5 pixels and +5 degrees, as shown in Figure 2(c) it is difficult to perform any
damage sizing. Therefore, video stabilization is required as a first step to minimize/mitigate any undesired motions prior
to the application of signal processing technique especially for a drone based active thermographic system.

Figure 2: Results of thermographic analysis using sequences of thermal images that are: (a) steady, (b) randomly shifted by +1 pixel
and rotated by £1 degree, (c) randomly shifted by +5 pixels and rotated by +5 degrees, and (d) randomly shifted by +10 pixels and
rotated by +10 degrees.

For stabilizing the videos acquired from the drone, a previously developed procedure by the authors [9] was used with an
addition of z-direction (zoom) for complete stabilization. The stabilization algorithm works on finding the motion
between two consecutive frames by tracking user defined features, as shown in Figure 3. Feature selection is performed
in two steps, first the algorithm finds all the features in the image, after which the user is asked to select the features with
the highest concentration for improved tracking. A global trajectory is then found by compiling all the inter-frame
motions. Finally, the difference between the original and the stabilized trajectory is used to shift, rotate, and scale the
frames for stabilization. Optical video was used to track the features and extract the global trajectory, which was used for
stabilizing both the optical and thermal image sequences.
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Figure 3: Example of user defined feature selection for improved tracking.
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The thermal sequences were processed using typical signal processing techniques used in pulsed thermography such as
pulsed phase thermography (PPT) [10] and principal component analysis (PCA) thermography [11]. Although
thermographic signal reconstruction (TSR) [12] and TSR combined with 1% and 2" derivative signal processing [13]
were not employed in this study, the stabilization algorithm would also be beneficial for these techniques. Stabilized and
unstabilized (original) sequences were processed using the PPT and PCA to highlight the benefits of the stabilization
algorithm. Figures 4 to 6 present examples of raw and processed thermal images taken at different locations along the
helicopter blade, which were arbitrarily chosen to illustrate the impact of sequence stabilization. The images are
presented using Matlab Parula default colorscale instead of grayscale for purely esthetical and ease of viewing purposes.

e) D g h)

Figure 4: Unstabilized top-row: a) raw image of a single frame, b) phase image, ¢) amplitude image, d) PCA first component;
stabilized bottom-row: e¢) raw image of a single frame, f) phase image, g) amplitude image, h) PCA first component.
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Figure 5: Unstabilized top-row: a) raw image of a single frame, b) phase image, ¢) amplitude image, d) PCA first component;
stabilized bottom-row: e¢) raw image of a single frame, f) phase image, g) amplitude image, h) PCA first component.
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Figure 6: Unstabilized top-row: a) raw image of a single frame, b) phase image, c¢) amplitude image, d) PCA first component;

stabilized bottom-row: e) raw image of a single frame, f) phase image, g) amplitude image, h) PCA first component.

In the figures above, it can be seen that raw unprocessed thermal data can be used to see shallow and large thermal
anomalies from the structure. For deeper anomalies and features with faint thermal signatures, the stabilized version

resulted in much sharper edge definition and better overall detection as compared to the unstabilized version, which are
observable in Figure 5 and Figure 6. In Figure 5, more voids or access adhesive pockets, at the leading edge of the MRB
(area circled in red), are discernable in the stabilized version. Whereas, in Figure 6, deeper anomalies were better seen in
the stabilized sequence as highlighted by the red circle. Due to the different field of view between the drone IR camera
and the stationary IR camera, a direct comparison between the stationary sequence and the drone captured sequence
cannot be performed at the exact same location. Nonetheless, Figure 7 presents some examples of raw and processed
thermal images obtained using the stationary setup at approximately the same areas as shown in Figures 5 and 6, where
similar thermal patterns can be observed.

g)

h)

Figure 7: Stationary sequence 1: a) raw image of a single frame, b) phase image, c) amplitude image, d) PCA first component;
stationary sequence 2: e) raw image of a single frame, f) phase image, g) amplitude image, h) PCA first component.
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In Figure 7, it can also be noticed that the signal contrast is much better on the stationary system and the thermal features
are more discernable. This was to be expected due to the higher thermal sensitivity of £0.02 °C using a cooled detector
as compared to grayscale images from the drone’s camera using an uncooled detector. It is also believed that the
position of the flash was better suited for the field of view of the stationary IR camera than that for the drone IR camera,
even though the distance between the camera and the target was more or less the same. To further improve the results or
if exact temperature values are needed it would be possible to perform an external calibration of the drone’s IR camera
to obtain the MP4 colorscale values. Although, the commercial IR system does evidently provide better results, the
drone based active thermography approach presented in this work was able to detect the surface / sub-surface anomalies,
which could not be seen in the optical and raw thermal images. Therefore, this work demonstrated the possibility of
drone based active thermography inspection. However, further development such as: incorporating powerful heating
source on-board the drone to provide ample thermal gradient without affecting or blocking the field of view [14] and
autonomous capabilities are required for full utilization of this novel technique. Finally, a fully dynamic configuration in
which the drone carrying the cameras and the heating source would scan the inspected component surface at constant
speed while recording visible and thermal sequences, would also constitute an interesting approach worth of further
research.

4. CONCLUSIONS

A drone based active thermography approach is demonstrated to detect sub-surface damage / anomalies in a Bell 412
helicopter blade in an indoor environment. It was found that image stabilization is required despite the drone had built-in
stabilization to stabilize the drone, as well as, a gimbal to stabilize the camera. The raw and unprocessed infrared (IR)
images from the drone mounted IR camera can be used for some quick observation of surface anomalies. However, for
detecting deeper anomalies and those with faint thermal signatures, stabilized thermal sequences with advanced signal
processing techniques such as: pulsed phase thermography, principal component analysis thermography, etc. are
required. It was also shown that radiometric data is not required to perform the analysis and that using an MP4 video
without exact temperature value provided sufficient information to detect surface and sub-surface anomalies, which
could not be seen in the optical images. Overall, the possibility of using an off-the shelf drone equipped with thermal and
optical cameras for active thermography inspection is demonstrated.
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