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ABSTRACT 

Traditional monitoring of large infrastructure such as towers of churches or for cooling, 
chimneys or any other type of tall buildings can require extreme effort and hence become 
very risky and costly since it mainly requires people to be moved around. An interesting al-
ternative in that regard is the use of rotary wing micro aerial vehicles (MAV) equipped with 
sensors such as digital cameras to capture series of images and stitch them on to a 3D model. 
However the images recorded always have “noise” which is caused by the vehicle movement 
during the inspection process. Experiments have been carried out using a multi-rotor copter 
with an off the shelf camera for building inspection (aerial photography) for years [1]. To 
validate the effect of MAV flight stabilization a vector thrust principle recently developed at 
Saarland University (patent application in progress [18]) has been implemented onto a MAV 
for flight stabilization. The paper describes the procedure of MAV-based infrastructure mon-
itoring as well as the image stitching process in general before explaining the vector thrust 
design principle and the enhancements achieved in terms of image resolution and processing.  

INTRODUCTION 

An increasing amount of civil infrastructure buildings (including roads and bridges) has become an issue 
with regard to the ageing process and hence a resulting case for life cycle management. According to the 
Federal Highway Administration (FHWA), nearly 70% of all bridges and roads need to be inspected regu-
larly in the USA [2, 3, 4, 5, 6]. This inspection is based on purely visual methods and is completed by 
inspection personnel present on site [7, 8, 9]. However, apart from bridges, there is a large amount of 
other infrastructure such as public buildings, industrial sites or even cultural heritage where condition 
monitoring and life cycle management is still much less from being established.  Inspecting various of 
this infrastructure can be dangerous for inspectors to be on site, as some locations on the structure may 
only be accessed under extreme circumstances, such as very slender, high towers [10, 11, 12, 13]. Since 
most inspections refer to visual inspection (around 95%), a robot equipped with a digital camera instead 
of a human inspector looks to be an option of much lower risk. A multi-rotor copter (in this case an octo-
copter) generally considered as a micro aerial vehicle (MAV) is a fairly popular solution and was hence 
used throughout this project, as it offers sufficient payload capacity, is small in size, and most importantly 
is comparatively simple with regard to the mechanical structure. (Fig. 1) 
 
This type of aerial inspection includes two major parts, collecting data using a camera on board and pro-
cessing the data collected. The infrastructures’ façades of interest are scanned by the MAV floor by floor 
by capturing images that are then verified and stitched together. This image stitching has been initially 
done using an image processing software such as Photoshop to form an overview for each façade where 
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q = 6 DOF generalized vector 
τ = Torque 
Fx, Fy, Fz = force in x, y and z direction (body axis) 
ϖ = rotational speed of motor i 
ϕ, θ,ψ = Roll, pitch and yaw angle (attitude) 
cϕ, θ,ψ. sϕ, θ,ψ ൌ cos ϕ	or	θ	or	ψ. sin ϕ	or	θ	or	ψ 
b = Lift constant 
d = Drag constant 
 
Since the vehicle is at near hover condition, Iሶ୶୶ϕሶ , Iሶ୷୷θሶ  and Iሶ୸୸ψሶ  are assume to be zero. 
 

 
Figure 6: Left: Numerical simulation results of MAV (robot) attitude when vector thrust roll servo is active at 5 

degree. (Note: no autopilot control). Right: global displacement of the robot. Note: no undesired x displacement due 
to no yaw angle created. 

 
Results from numerical simulations displayed in Fig. 6 show that vector thrust is active for y direction, 
and that there is no undesired roll, pitch and yaw angle during y direction movement (vehicle moves 
along an axis without any attitude change). This vector thrust approach has been applied for a European 
patent [18]. 

 

VECTOR THRUST IMPLEMENTATION 

Both hard- and software modifications have to be made in order to apply the vector thrust system onto an 
ordinary quadcopter. Hardware-wise extra mechanical joints have to be implemented to allow rotation of 
the motors (thrust) to operate into the desired direction. The joint system is not allowed to be too heavy 
but at the same time needs to have enough strength to withstand the twisting moment of the thrust and 
vibrations from the motor. 
 
There are already off the shelf components available for fixed wing vector thrust designs (Fig. 7, left), 
designed originally for small fixed wing aircraft. However those are not sufficient in strength and fracture 
easily (Fig. 7 right). 
 
The joint was redesigned with enhanced supporting points and linked to a servo that changes the angles to 
achieve the vector thrust feature (Fig. 8). 
 
Software-wise a new control loop has to be implemented to adapt to the vector thrust flying mode. For 
easy use and proof of concept, control software has been designed to allow the pilot to switch from nor-
mal flight mode to vector thrust flight mode by one switch even during flight. Various frame designs for 
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Fig. 11 shows the comparison of images captured in normal (left) and vector thrust (right) mode and the 
resulting stitched image can be seen in Fig.s12 and 13. Note that the vector thrust mode not just generates 
better images but also allows for fewer images to be taken for stitching the complete image resulting in an 
improvement of the MAV’s data storage capacity. A comparison of the number of images required shows 
that a third less was required. 
 

 
Figure 10: On board accelerometer roll reading (black) and RC roll input (red/light) 

 

 
Fig. 11 Left: Normal flying mode Right: Vector thrust mode 

Note: The images are tilted in normal flying mode 

 
Figure 12: Stitched image from normal flying mode (6 images used) 

 

 
Figure 13: Stitched image from vector thrust mode (4 images used) 
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CONCLUSION AND FUTURE WORK 

The motion simulation and flight results show that the vector thrust concept results in a significant im-
provement of the attitude control for a multi-rotor copter (here a quad) in use of photographic inspection. 
It can be concluded that this advantage also exists when other types of sensors are applied which will 
even allow to look below a structure’s surface such as when using thermography or radar. However, a 
vector thrust system requires additional mechanical parts which lead to a weight increase that can become 
an issue. A means of compensation in that regard is the number of rotors that may be increased and the 
structural complexity to be reduced being aspects to be considered with future developments.  
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