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I. BACKGROUND 

Adoption of Unmanned Aerial Vehicles (UAVs) within the 
context of industrial asset inspection has grown markedly in 
recent years [1]. In contemporary practice of Non-Destructive 
Evaluation (NDE), UAVs are operated as remote viewers in 
locations of hazardous, or otherwise costly, manned access. 
Photogrammetric reconstruction [2] and automated visual 
defect detection [3] permit cost-effective long-term condition 
monitoring of existing structures without retrofitting 
embedded sensors but offer limited subsurface data.  

Research exploring the capacity for interaction between 
UAV agents and their environment has thus drawn particular 
attention for its ability to support established volumetric 
inspection techniques. Progressing beyond commercial UAV 
contact inspection systems [4]–[7], novel works use fixed 
multidirectional rotors and superposition of thrust vectors to 
generate fully controllable three dimensional force and torque 
[8], [9]. They can thus interact physically with their 
environment and remotely apply contact NDE transducers in a 
variety of poses. The AeroX system [8] deploys a dual-
element piezoelectric ultrasonic transducer, specialized to thin 
wall thickness measurement and corrosion detection, scanning 
along the length of a pipe with a boom arm manipulator. 
Continuous dispensation of viscous gel permits acoustic 
coupling to the sample and enables the measurement. The 
OTHex multirotor system [9] uses a similar design coupled 
with a lightweight manipulator arm. This radially scans the 
surface of a steel pipe with an eddy current transducer to 
profile welded joint integrity. This NDE technique requires 
little surface preparation and tolerates small offsets from full 
mechanical contact but is insensitive to some defect types and 
often necessitates a domain expert to interpret results. 

II. METHODS & EQUIPMENT 

In a manner similar to existing overactuated systems [10], 
[11], the UAV employed herein actively adjusts the 
orientation of its rotors during flight, vectoring each thrust 
direction to apply force and torque when environmental 
interaction is conducted. This design differs from previous 
work in its use of a five propeller, tri-copter layout [12]. As 
such, the majority of thrust is provided by two sets of coaxial 
rotors mounted at the front of the craft on arms that share a 
common but independently actuated rotational axis. A smaller 
fifth rotor on an extended tail balances torque in the pitch axis. 
The ability to individually rotate the thrust direction of the 
main propeller pairs about both the longitudinal axis of their 

supporting arm and in a further perpendicular axis ensures 
they may never act in opposition of one another. The full 
power output of the craft can thereby be directed to efficiently 
engage with external objects while maintaining stable flight in 
numerous body orientations. This functionality is heavily 
utilized when performing contact NDE. 

The NDE payload herein offers further improvement over 
existing ultrasonic inspection solutions. Hardware consisting 
of a dual-element ultrasonic transducer embedded in a rubber 
tire may be driven along the inspection surface by action of 
the UAV alone. Compression of the tire facilitates acoustic 
coupling, displacing the layer of air between the wheel and the 
sample and permitting ultrasonic wave propagation. This 
removes the need for large quantities of ultrasonic coupling 
gel when scanning extended surface areas and reduces payload 
mass. Additionally, the craft center of mass is not disturbed by 
gel dispensation throughout the measurement process. This 
contributes towards a smaller, more efficient system better 
able to inspect regions of structures amid complex geometries. 

III. RESULTS 

Laboratory trials have successfully demonstrated repeated 
entry into physical contact with an inspection sample surface 
to obtain ultrasonic point thickness readings. The UAV was 
able to regulate the pose of the probe within acceptable 
angular tolerance relative to surface normal. Applied force 
sufficient to deform the dry-coupling tire and allow ultrasonic 
signal propagation was readily achieved. Measurement of 
planar aluminum samples mounted both vertically and affixed 
to the underside of a 45° overhanging surface has thus been 
conducted.  

Furthermore, preliminary efforts have demonstrated the 
capability to obtain thickness measurement scans in a linear 
path across the sample. Custom designed, lightweight probe 
excitation and signal acquisition instrumentation has been 
integrated with pose estimation via the onboard Robotic 
Operating System (ROS) network. Captured ultrasonic 
measurements have thereby been accurately referenced to 
points on the inspection sample allowing presentation of linear 
“B-scan” and area “C-scan” thickness profiles familiar to NDE 
practitioners.  While some variation in the surface relative 
pose of the probe during these scans caused fluctuations in the 
returning signal amplitude, sufficient information was 
captured to reconstruct an accurate object dimension profile. 
Efforts to improve stabilization of this push and slide 
interaction within the NDE payload requirements are 
underway. 
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