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ABSTRACT

Aerial manipulation uses unmanned aerial ve-
hicles (UAVs) to perform interaction tasks with
the environment. Many aerial applications are
conducted safer and more efficient when using
UAVs to replace human workers. An essential
aspect of aerial manipulation is dexterity, which
is generally used to describe the ability of human
or robotic hands to perform tasks such as moving
and rotating an object. Currently, there is lim-
ited research on the dexterity of fully-actuated
UAVs. Furthermore, although there are some pa-
pers on standardized testing for aerial manipu-
lation, there still needs to be a universally ac-
cepted method to measure dexterity or aerial ma-
nipulation capabilities in fully-actuated UAVs.
This work explores the concept of dexterity in
the context of fully-actuated UAVs without com-
plex manipulator degrees of freedom (DoF) and
investigates how UAV dexterity can be quanti-
fied. In this paper, three standardised UAV dex-
terity tests are developed and experimented on a
tilted-rotor octocopter UAV to demonstrate how
the feasible dexterity tests would be conducted
in a controlled environment.

1 INTRODUCTION

Aerial manipulation includes a manipulator attached to
a UAV hovering in the air interacting with the environment.
Recently, there has been increased interest in aerial manipu-
lation, frequently prescribed for high-altitude tasks that could
be more efficient or safer than using human workers. Exam-
ples of aerial manipulation applications include canopy sam-
pling, natural disaster clean up, high-rise window cleaning,
rescue missions, and maintenance tasks [1, 2, 3].

A vital characteristic needed in manipulation is dexterity
as described in several research studies [4, 5, 6, 7]. How-
ever, dexterity is a concept typically applied to humans and
robotic hands/arms. The literature describes it as a measure
of a human hand’s ability to interact with the environment in-
volving using the fingers skillfully or doing interaction tasks
such as precise hand movements while manipulating objects.
Despite its significance, dexterity remains a relatively un-
explored characteristic in the research area of UAVs. Fur-
thermore, more research is needed to assess the dexterity of

UAVs without the added complexities introduced by multi-
DoF arms.

To date, there has not yet been a standardized dexterity
assessment that thoroughly examines the capabilities of fully-
actuated UAVs, which have independent control of all six
DoF. This study aims to quantify the dexterity of such UAVs
without additional DoFs via a manipulator arm and to iden-
tify variations in dexterity across different UAVs through ex-
perimental tests. Considering the advantages and additional
capabilities associated with full actuation is essential to this
research. By doing so, we can compare the dexterity of dif-
ferent fully-actuated UAVs and identify areas where dexterity
may be lacking.

Several studies have investigated human dexterity result-
ing in various dexterity tests available for the hand [8]. A
common human dexterity test is the nine peg-in-hole test
which assesses finger dexterity [9]. This test involves the hu-
man participant placing pegs in holes with a time constraint.
These dexterity tests are designed to diagnose neurodegener-
ative diseases such as Parkinson’s or multiple sclerosis, which
affect a person’s dexterity.

Dexterity can also be applied in the field of robotics. Re-
searchers aim to enhance robotic hand manipulation capabil-
ities, often comparing them to human abilities. Standardized
dexterity tests have been developed that are influenced by hu-
man dexterity research to evaluate robotic arm’s performance
[5]. Elangovan et al. developed nineteen tests covering object
manipulation and tool interaction to find an overall dexterity
score. Metrics like reachable workspace and force closure are
standard in dexterity research, defining the space a manipula-
tor can access and its ability to withstand forces and torques
[6, 4, 10].

An example of a standardised UAV test is seen in the
study by Suarez et al. [11]. Several aspects of a UAV and
manipulator arm combination were tested, such as accuracy
and manipulation capability. One test involved checking that
the UAV could apply force on a wall for 5 s which is similar
to the force closure concept discussed previously. However,
this research has several limitations, such as not focusing on
dexterity and being limited to under-actuated UAV analysis.

Despite the limited availability of dexterity tests designed
explicitly for UAVs and even fewer tests that do not depend on
a manipulator arm, various research studies have conducted
experimental tests to validate the design and control archi-
tectures of these UAVs. These tests could serve as suitable
dexterity measures because they evaluate the UAV’s ability to
perform precise, controlled, and coordinated movements that
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are helpful for manipulation. A typical experiment frequently
seen in several studies is position holding, which assesses the
UAV’s ability to accurately maintain a specific position, re-
flecting its maneuverability and control precision. For exam-
ple, a study by Jiang et al. [12] developed a fully-actuated
hexrotor with optimized fixed tilt-rotor angles designed for
aerial manipulation. The UAV experimental tests in this study
show similarities to the workspace analysis in dexterity re-
search. The test involved hovering on one spot at a roll angle
with zero translation, which measures how far the UAV can
reach. Kamel et al. [13] developed experimental tests involv-
ing the hexacopter rotating around one axis, which showed
how the UAV was stable at different orientations. This ma-
neuver is impossible for a typical under-actuated UAV.

Several experiments analyzed precision, which is vital for
manipulation. Orsag et al. [7] examined an under-actuated
quadcopter conducting insertion task using a manipulator
arm. A success rate was measured in performing these tasks.
However, a limitation of this research is that this test does not
directly assess the dexterity of a UAV.

The concept of force closure is not usually considered for
UAVs; however, it can be considered when aerial manipula-
tion is involved. With sufficient force applied by the UAV,
manipulation would be more precise because it could main-
tain contact and complete actions, resulting in improved dex-
terous manipulation. A study also conducted by Jiang et al.
[14] analysed force closure and developed their UAV to in-
stantaneously handle any wrench (combination of force and
torque). In order to analyse forces and torques in each axis
of the hexrotor UAV, a force/torque ellipsoid was created for
rotor angles of 0º, 10º, 20º and 30º.

This paper is organised as follows. Section 2 explores
what dexterity means in the context of UAVs and the re-
quirements of a standardised UAV dexterity test. Section 3
describes the physical setup for the case study experiments
conducted on a fully-actuated octocopter. This section also
describes the relationships between the systems and compo-
nents in this research study. Section 4 introduces the design
of the dexterity tests and the experimental approach for each
test. The paper then discusses the results from the case study
experiments for each test in Section 5.

2 DEFINING TERMS AND ESTABLISHING A CRITERIA
FOR EFFECTIVE TESTING

2.1 UAV Dexterity Definition
A definition of UAV dexterity can be synthesized by

drawing from existing definitions for human dexterity, robotic
hands, and dexterous biological aerial animals, such as hum-
mingbirds. Hummingbirds display exceptional flight dex-
terity through precise hovering stability, accurate control of
pitch, roll, and yaw, and the ability to dynamically adjust
their body orientation. They can independently maneuver
each wing, enabling sharp turns and agile navigation. This
fine control is crucial for making precise contact with flowers

Figure 1: Conceptual framework of UAV dexterity

using their beaks, demonstrating advanced aerial manipula-
tion. As discussed in Section 1, dexterity is a contributing
factor in object manipulation skills. For UAVs designed for
aerial manipulation, dexterity directly impacts proficiency in
precisely handling objects during interactions.

A fundamental aspect of dexterity is force closure [10],
which in the context of UAVs denotes the ability to resist ex-
ternal forces and torques during manipulation tasks, ensuring
stable and sustained contact without slippage or loss of con-
trol over the manipulated object. Furthermore, reachability is
a common consideration in robotic arm dexterity tests, as de-
scribed in Section 1. The reachability of a UAV, independent
of fixed manipulator arms, is helpful for its dexterity. The
reachable locations are the UAV’s workspace while hovering.
That is, the maximum roll, pitch and yaw.

Several metrics similar to dexterity exist in the literature,
such as manoeuvrability and agility [15, 16]. While these
metrics contribute to UAV performance, they do not inher-
ently encapsulate the precision and accuracy intrinsic to dex-
terity. Moreover, drawing inspiration from biological mod-
els, such as hummingbirds, provides valuable insights into
defining UAV dexterity. Hummingbirds are known as one of
the most skilful aerial manipulators in nature, as described by
Haque et al. [17]. Figure 1 summarizes the definition of UAV
dexterity developed in this research. This definition is utilized
to create tests for measuring UAV dexterity.

2.2 Dexterity Test Requirements

To ensure compliance with existing standardized testing
protocols and adequately address the unique characteristics
of fully-actuated UAVs, criteria for a standardized dexterity
assessment must be established. These criteria are used to de-
velop each test, and many feasible requirements will be incor-
porated into the tests. According to several existing standard-
ised testing schemes [5, 11], common characteristics involve
repeatability, generalizability, affordability, and accessibility.
Additionally, the dexterity tests should include being quan-
tifiable, having a transferable score to application capability,
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and being safe. Finally, the measure should be valid and re-
liable. Furthermore, since this research is focused on UAV
dexterity, the tests also require to be independent of external
attachments such as manipulator arms and therefore must not
use an attachment with more that one DoF. Another aspect of
this research is the test distinguishes dexterity across fully-
actuated UAVs.

3 PHYSICAL SETUP AND UAV DESCRIPTION

3.1 Experimental Methods and Tools
Each experiment in this research uses several experimen-

tal tools, which are discussed in this Section. Figure 2a de-
picts an overview of the experimental setup. An offboard in-
terface using MATLAB allows sending translational or ro-
tational setpoints to the UAV. The Vicon tracker software is
used as the motion capture system enabling precise tracking
of the UAV’s movements in 3D space. Additionally, the Vi-
con tracker enables relative displacements between different
objects to be tracked.

The UAV chosen as a test subject is a fully-actuated oc-
tocopter (refer to Figure 4) with a co-axial stacked configura-
tion featuring four rotors mounted on both the top and bottom
levels. Each rotor is fixed at a 31 º angle, enabling a gener-
alized wrench through the motor map. This UAV model was
previously developed in a research study by Mendes Souza
et. al. [18].

3.2 Relationships Between Systems
The interconnection among various systems within the

experimental setup is depicted in Figure 2b. The off-
board control system transmits setpoints via MAVlink User
Datagram Protocol (UDP) packets, which the UAV receives
through the Wi-Fi module. Subsequently, the PX4 flight con-
troller utilizes these setpoints to command the UAV’s move-
ments during the dexterity test. Simultaneously, information
regarding the UAV’s spatial location, acquired through the re-
flective markers tracked by the motion capture cameras posi-
tioned around the laboratory, is sent back to the offboard con-
trol PC. This feedback loop enables the calculation of the dis-
tance required to reach the setpoint, allowing for adjustments
to the UAV’s movements until the setpoint is reached. Fol-
lowing each test, the flight log is downloaded for data analy-
sis. Moreover, experimental setup in the motion capture lab-
oratory is illustrated in Figure 2a. A PC, connected to a we-
bcam positioned within the experimental area, also monitors
the ongoing experiment. The experiment area is an enclosed
netted space where the UAV tests occur.

4 DEXTERITY TESTS DESIGN

Each subsection below begins with an exploration of
the rationale behind conducting the test and its significance
within the context of UAV dexterity assessment. Following
this, a detailed discussion of each test’s design takes place.
Then, a quantitative scoring metric formulation, which facil-
itates the standardized evaluation of UAV dexterity, is estab-

lished. Furthermore, each subsection concludes with an ex-
perimental case study conducted on the fully-actuated octo-
copter.

4.1 Test I: Reachability
4.1.1 Test Design

The test design process draws inspiration from existing
workspace analysis research of robotic arms to devise a
modified test. The test looks at determining the reachable
workspace of a UAV during hovering while also consider-
ing the test requirements outlined in Section 2.2. UAVs can
move freely in 3D space, resulting in an effectively infinite
workspace for translation. Thus, to create a test applicable
to UAVs in general, the test is adapted to analyse the space
reachable via rolling and pitching. The test is devised by
evaluating the maximum roll and pitch angles the UAV could
attain before reaching 20% away from the saturation limits.
Since all UAVs can have maximum yaw (360º), yaw limits
are not analysed.

This test is designed to comprehensively assess the reach-
able workspace of any fully-actuated UAV. It is adaptable for
use on various UAV configurations, including octocopters,
hexacopters or dodecacopters, which possess independent
control over all six DoFs. Examining a UAV’s reachable lim-
its obtains a reachable workspace area. These limits involve
determining the maximum roll and pitch angles for each com-
bination of roll and pitch. Only a quarter of these points are
determined through experiments as the UAV is symmetrical
about each axis. Therefore, the negative limits are a mirror
image of the positive limits.

Several data points are recorded at each limit to ensure a
robust measure of the UAV’s reachability workspace. These
data points formed a cloud, from which a line of best fit is de-
rived. Subsequently, an area of the first quarter of the UAV’s
reachability workspace is analysed to determine the score.

The scoring system is based on the area derived from the
enclosure of the border of plotted roll and pitch limits calcu-
lated into a percentage as shown in Equation 1. This is to
normalise the score and make it easier to compare with other
UAVs.

R =
A

3602
· 100% (1)

where R is the reachability test score and A is the reach-
able workspace area.

The maximum score achievable is: 3602

3602 · 100% = 100%.
The score results from the fact that the maximum roll and
pitch angles possible is ±180º. Therefore, the side lengths of
the area graph could only range from +180 to -180 in the roll
and pitch axes.

4.1.2 Experiments

Considering time constraints during experiments and the as-
sumption that the UAV is balanced (with the CoM in the cen-
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(a) Physical setup (b) Connection between different elements used in experiments

Figure 2: Experimental setup

tre of the UAV), the roll and pitch angle limits are expected
to be symmetrical at about zero. Hence, only the positive roll
and pitch limits are tested, and a quarter of the reachable plot
is found through experiments. Multiple tests are conducted to
identify each outer limit.

The experimental procedure for this test involves using an
increasing ramp signal of pitch for a constant roll angle, up to
the maximum roll angle with zero pitch. The maximum pitch
angle the UAV can achieve with the particular constant roll
angle is reached when it utilises 80% of its thrust capability,
indicating it is within 20% of its motor PWM limits.

The pitch signal rate is slow enough to allow time for the
PWM signal to update on the offboard PC to be monitored
by a human, ensuring that saturation is unlikely to occur. The
process of monitoring PWM signals during offboard control
is depicted in Figure 3 where the pitch angle at PWM levels
20% away from saturation is used as the limit. An experiment
testing a high roll angle is illustrated in Figure 4a, while a test
where the UAV maintains a simultaneous non-zero roll and
pitch angle is depicted in Figure 4b.

4.2 Test II: Contact Testing
4.2.1 Test Design

Several aerial manipulation applications like welding, pow-
erline testing, and inspection using pushing mechanisms are
examples of where force closure is important to consider
[19, 20, 21]. This is due to the necessity of sustained contact
while applying a force. The proposed test inspired by the con-
cept of force closure discussed in Section 1, is to use a rigidly
attached carbon fiber rod with an end-effector comprising a
spring. The set-up and tools described in Section 3 allow for
the translation of the UAV towards a flexible rod, establish-
ing contact, and continuing to compress the spring until the

Figure 3: Finding the pitch limit for 1º roll

(a) High roll angle (b) Roll and pitch angle combination

Figure 4: Experiments
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PWM signals are within 30 % of their limits. The 30 % from
the limits is implemented as a safety factor to avoid the UAV
flipping over the contact rod if it gets too close to saturating.
This choice balances demonstrating sustained force with min-
imizing the risk of damage posed by physical objects in the
UAV experiment area. Additionally, the UAV must compress
for 30 s to demonstrate stability and not instantaneously capa-
ble of applying this force. Several research studies into UAV
contact testing opted to maintain contact for 10 s [21, 22].
Hence, this research chose the required contact testing time
to be 30 s, emphasizing sustained contact. The spring will
compress, and using motion capture technology, the displace-
ment is measured. The compression force can be calculated
with the displacement and the known spring stiffness. This
experiment is repeated for 0 º, 45 º, 90 º, -45 º, and -90 º an-
gles. These angles are selected based on previous research on
contact-based inspection UAVs [20].

The scoring system measures the force closure ability of
UAVs by analysing their capacity to maintain sustained con-
tact at different angles. The specific angles are based on their
relevance to contact testing related applications, as in previ-
ous studies [20]. This test evaluates the UAV’s ability to apply
a force that maintains PWM signals within 30 % saturation
for a sustained period, thereby quantifying the force the UAV
can exert over time. Two conditions are applied to the test
to analyse these characteristics. The first condition is that the
compression period should exceed or equal to 30 s. Addition-
ally, the maximum deviation in attitude angle must be below
10 º. The scoring equation is described by Equation 2.

C =

∑5
1 Fn.Pn
W

(2)

where C is the contact test score, Fn is the force exerted
by UAV at contact angle n,W is the UAV weight, Pn is 0 or 1
depending on whether contact testing dexterity test conditions
have been met, and n is equal to 1, 2, 3, 4, or 5 (which are
associated with angles 0º, 45º, 90º, -45º, -90º).

4.2.2 Experiments

The experimental setup involved the use of an acrylic inter-
action frame comprised five 3D-printed blocks positioned at
various angles, serving to support a carbon fiber rod. Addi-
tionally, a 3D-printed end-effector was attached to the rod’s
end, featuring a linear spring and a sliding mechanism de-
signed to compress the spring upon contact. The displace-
ment of the spring could be tracked using a Vicon tracker,
providing data on the compression force applied by the UAV.

The experimental procedure begins with the UAV is man-
ually armed using a transmitter and switched to offboard con-
trol mode, where the UAV autonomously reaches the pre-
defined set points corresponding to the rod, as determined
through motion capture markers. To demonstrate sustained
force within the UAV’s saturation limits, a force is applied

Figure 5: Experiment for -45º contact angle

by the UAV sufficient to bring the PWM signals within 30 %
saturation for a sustained period, approximately ranging be-
tween 2 and 3 N for the case study octocopter. Finally, flight
log and motion capture recording data were collected to cal-
culate the displacement of the spring on the end-effector and
the coaxial compression force. Figure 5 illustrates the -45º
experiment.

4.3 Test III: Peg-in-Hole
4.3.1 Test Design

The peg-in-hole test assesses the precision of UAV opera-
tions, inspired by human peg-in-hole tasks and hummingbird
dexterity in flight. The setup involves inserting a rod into an
acrylic C-ring, with a 90 º clamp angle to mimic human tests,
as shown in Figure 6. A baseless hole is used to eliminate
interaction effects.

Reflective motion capture markers are placed on the peg-
board, and Vicon Tracker data is processed via Simulink, as
depicted in Figure 2a. Consistency is maintained by using the
same peg across trials, with dimensions selected based on Or-
sag et al. [7]. The peg, 10 % of the UAV rotor diameter (1.5
cm), is chosen to generalize across different UAVs.

Five hole sizes, ranging from 2.5 to 6.5 cm, are used to
ensure test generalizability, with peg clearances from 1 to 5
cm. The pegboard is designed with CAD and 3D printed,
as shown in Figure 7. The proposed approach involves way-
points using the pegboard’s location coordinates, which en-
able the octocopter to follow a trajectory autonomously. This
allows the test to be more accessible and affordable.

The test assesses the UAV system’s real-time dexterity,
including mechanical design, control architecture, and sensor
integration, similar to human and robotic arm assessments
[5]. A weighted scoring metric emphasizes precision, with
higher weights for smaller holes. The peg-in-hole score is the
cumulative success rate for each hole, weighted by hole size.

Specific conditions refine the test for fully-actuated
UAVs, ensuring horizontal thrust is required without pitching
or rolling. One condition involves translating a distance at
least DY over 5 s or less, scaled to twice the propeller diam-
eter (Figure 6). A second condition sets an RMSE threshold
of 5 º for horizontal thrust motion. These parameters focus
on fully-actuated UAV qualities, making the test sensitive to
dexterity variations across UAVs. The peg-in-hole score is
detailed in Equation 3.
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Figure 6: Illustration of conditions

Figure 7: UAV pegboard designed for a 1.5 cm diameter peg

P =

5∑

1

wu.Su (3)

where P is the peg-in-hole score, wu is the weighting for
peg-in-hole test, Su is the success rate for peg-in-hole test,
and u is 1, 2, 3, 4, or 5 corresponding to the pegboard hole.

From this equation it can be seen that the maximum score
possible is 1×100%+2×100%+3×100%+4×100%+
5× 100 % = 15.

4.3.2 Experiments

The experiment commences by having a pegboard between
two foam blocks before placing four markers around hole 1.
The difference in X-axis (horizontal) displacement between
each hole is added to the setpoint for the other pegboard holes.
Subsequently, an object representing the UAV and the peg-
board itself is created in the Vicon tracker. Assumptions re-
garding tuning are that the UAV being tested is tuned for free
flight.

Furthermore, a marker is placed on the bottom of the peg
to enable the peg’s position using the Vicon tracker system to
be located. This information is used in the Simulink interface
to integrate the difference in the Y-axis pegboard location and
peg location into offboard setpoints.

Upon completion of the setpoint configuration, the UAV
is manually armed and transitioned into offboard mode, ini-
tiating autonomous navigation towards the designated hole.
Following this, a stabilization period of at least two seconds
is allowed before providing a Z-axis setpoint.

The setup is monitored throughout the experiment via a
webcam, as depicted in Figure 2a. If the UAV deviates from
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Figure 8: UAV Experiment vs Simulation Reachability Plot

its intended setpoints and makes contact with the pegboard,
corrective measures are conducted to reposition the UAV.

5 RESULTS AND DISCUSSION

5.1 Octocopter UAV Reachability

Multiple experiments are conducted for each roll angle
and a pitch limit found to form a cloud of points. A line
of best fit is plotted in MATLAB to create the reachable
workspace area. The octocopter in this study achieved an
area of 71o

2

for the quarter reachability workspace illus-
trated in Figure 8 and consequently a dexterity score of:
4×71.28
3602 × 100 % = 0.22 %. Comparatively, the simulation

for this UAV using a quarter of the data achieving an area of
100o

2

, and a dexterity score of: 4×100.44
3602 × 100 % = 0.31 %.

The results from this reachability test experiment provide
an interpretation of the UAV’s workspace that it can reach in-
dependently of a complex DoF arm. The experimental results
closely resemble a simulated reachability dataset for the case
study octocopter. As expected, the simulation’s rolling capa-
bility is much higher, given that various factors in the experi-
ment could reduce the UAV’s thrust capability, such as motor
heating and battery age. Interestingly, the experimental data
for the simulation in the pitch limits is higher. This discrep-
ancy is unexpected and could be attributed to the uncertainty
in experimental data due to uncontrollable factors.

5.2 Octocopter UAV Contact Test

The case study octocopter is capable of successful contact
for each angle assessed. The force data obtained calculates
the average force exerted over the 30 s compression period.
Moreover, the UAV maintained an attitude where the RMSE
for all tests remained below 10 º.

Utilizing the collected data and Equation 2, a contact test-
ing score of 1.01 is calculated for the octocopter weighing
1275 g. These results demonstrate the UAV’s capability to
sustain a force ranging from 2 to 3 N, while utilizing up to 80
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% or more of its thrust capacity for an extended duration.
The experiments and subsequent findings present a

method for assessing UAV dexterity, highlighting the fully-
actuated UAV’s ability to withstand forces and maintain sta-
ble hovering during aerial manipulation tasks.

Understanding this score can advance UAV development
for tasks such as window cleaning, where sustained force
application is essential. For example, the window cleaning
aerial vehicle in [23] requires different force closure require-
ments than that of a transmission line inspection UAV such
as in [24]. This is because the typical window cleaning ac-
tion requires a larger force normal to the window surface, as
opposed to a transmission line application requiring a smaller
force, at potentially different angles.

5.3 Octocopter UAV Peg-in-hole
The peg-in-hole test illustrated in Figure 6 consisted of

five attempts for each peg angle, resulting in five success
rates. The octocopter achieved success rates of 40 % for holes
1 and 2, a 20 % success rate for hole 3, and 0 % success rates
for holes 4 and 5. Using Equation 3 the peg-in-hole score is
calculated as: 1×40%+2×40%+3×20%+4×0%+5×0% =
1.8. This score corresponds to 12 % of the maximum possible
score of 15 (refer to Section 4.3.1).

The Y (forward) displacement from the pegboard at the
point of offboard transition exceeds the required 0.3 meters
for this case study, given that the octocopter’s rotor diame-
ter is 0.15 m. Therefore, the offboard PC sends a setpoint to
the UAV to move a distance towards the pegboard of at least
0.3 m. Moreover, the time to cover this displacement is less
than 5 s while maintaining roll, pitch, and yaw angles at ap-
proximately 0 º. These results and the attitude for the other
successful attempts had low RMSE errors, indicating that the
UAV is exhibiting control over six DoF since it can translate
without changing attitude. If an under-actuated UAV under-
goes the same tests, the attitude RMSE is likely to be signifi-
cant, and therefore this would not be considered a successful
attempt.

As expected, the success rate reduces with reduced hole
sizes. The score of 1.8 is 12 % of the maximum score achiev-
able, suggesting that the test can discriminate preciseness
among different UAVs, however, this can only be verified
once more than one UAV is assessed.

6 CONCLUSION

This study involved designing a standardised dexterity as-
sessment for fully-actuated UAVs and evaluating the assess-
ment’s feasibility through experiments. Previously, it was dif-
ficult to identify how well a UAV would behave during aerial
manipulation. This study introduced a novel perspective to
the conventional analysis of UAVs, exploring a concept infre-
quently used within UAV research.

A definition of dexterity was created, and three compre-
hensive tests were designed. Furthermore, a score was cre-
ated for each test, allowing the quantification and compari-

son across UAVs. Following the design of the tests, an in-
depth experimental investigation was conducted that demon-
strated how these tests would proceed with a fully-actuated
octocopter UAV.

This research holds significance within the UAV com-
munity by presenting a benchmarking method for quantify-
ing dexterity, thereby improving the assessment of aerial ma-
nipulation capabilities in UAVs. This methodology aids re-
searchers in selecting UAVs best suited for various aerial ma-
nipulation applications, including window cleaning, sensing
tasks, and powerline testing.

Future work includes implementing the tests on more
UAVs, assessing the dexterity scores across UAVs, potentially
developing an overall dexterity score, and demonstrating sen-
sitivity in scores such that different UAVs could be rated on
their dexterity and suitability to particular aerial manipulation
applications. Furthermore, repeating these tests in different
environments, such as with wind disturbances, could provide
valuable insights into the dexterity of UAVs.
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