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Abstract— In this work, we present a novel actuation strategy
for a suspended aerial platform. By utilizing an underactuation
approach, we demonstrate the successful oscillation damping
of the proposed platform, modeled as a spherical double
pendulum. A state estimator is designed in order to obtain the
deflection angles of the platform, which uses only onboard IMU
measurements. The state estimator is an extended Kalman filter
(EKF) with intermittent measurements obtained at different
frequencies. An optimal state feedback controller and a PD+
controller are designed in order to dampen the oscillations of
the platform in the joint space and task space respectively. The
proposed underactuated platform is found to be more energy-
efficient than an omnidirectional platform and requires fewer
actuators. The effectiveness of our proposed system is validated
using both simulations and experimental studies.

I. INTRODUCTION

Aerial robotic manipulation is a modern field of research
that involves manipulation performed using a flying base
[1]. In recent years, this field of aerial robotic manipulation
has evolved significantly and has been utilized in numerous
applications related to aerial inspection, construction, and
load transportation [1]–[5]. Research on aerial manipulation
is often centered around an unmanned aerial vehicle (UAV)
integrated with a robotic arm. In [6], [7], a fully actuated
UAV is mounted with a 3 degrees of freedom (DoF) robotic
arm in order to perform collaborative human-handover tasks.
An impedance-based grasping task was demonstrated in [8]
using a UAV fitted with a 7-DoF Kuka robotic arm.

The manipulator that can be mounted on the aerial vehicle
for performing different tasks is often constrained by its
weight. For instance, an ultra lightweight arm [9] of 3.2 kg
was developed and mounted on a medium-size multirotor
platform in order to perform manipulation tasks on power-
lines. However, in order to mount a 15 kg manipulator arm,
a large scale helicopter system with a rotor-blade diameter
of 3.7 meters was needed [10]. Such large dimensional
rotors might be a concern for safety while operating in some
complex environments. Moreover, the turbulence generated
while operating in close proximity to the ground can be an
additional cause of concern for the safety of the aerial system
and its surroundings. A lot of energy is often consumed to
compensate for gravity in aerial manipulator systems, which
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Fig. 1: Proposed planar-thrust suspended aerial platform.

can limit the platform’s payload capacity and its total time
of flight (ToF).

In order to mitigate the aforementioned issues, a sus-
pended aerial manipulator (SAM) was proposed at the DLR
[11]. It consists of an omnidirectional multirotor system
equipped with a 7-DoF Kuka robotic arm, which is sus-
pended from a carrier using a long cable. The gravity
compensation due to the suspension reduces the energy
consumption to a great extent and also ensures that the
weight of the manipulator is not a limiting factor for its
design. The SAM platform has been successfully utilized
for demonstrating a number of hierarchical task-priority
control applications [12]–[14]. In [15], a similar system was
proposed which utilizes elastic suspension and can generate
a 6-DoF wrench. This system was further augmented with a
nonlinear model predictive control (NMPC) and a computed
torque controller to assess its performance [16], [17].

One of the main challenges of such suspended aerial sys-
tems is the pendulum motion caused due to the suspension.
The oscillation of the aerial base can arise due to its own
motion, or due to the motion of the manipulator. Other
factors such as wind gusts and other external disturbances
can also contribute to its oscillatory motion. The control of
oscillatory motion in free-flying multirotors with a cable-
suspended load has been studied previously in [18]–[21].
However, the oscillatory motion in cable-suspended aerial
platforms requires different damping techniques and has
been studied in [11], [22]. In [22], the double oscillations
of the platform have been damped using optimal feedback
control. It utilizes a simplified model of a planar double
pendulum and considers the second oscillation angle to be
approximately zero while framing the control law. Moreover,
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the platform used in [11] and [14] have eight propulsion units
to achieve omni-directionality which consumes additional
energy than an underactuated configuration. The damping
control of suspended platforms in [15]–[17] utilizes extero-
ceptive sensor feedback using motion-capture systems, which
is unfavorable for outdoor environments.

In this paper, we propose two different actuation concepts:
a planar-thrust and a minimal-actuated configuration of a
suspended aerial platform, which is the main contribution
of this work. These novel designs present a minimalist
approach, as compared to some of the previous related
works [11], [14], [15]. By utilizing a minimalist approach,
the proposed system is found to be more energy-efficient
and it requires less number of actuators, while successfully
damping the oscillations of the spherical double pendulum-
type system. An extended Kalman filter (EKF) is designed
in this paper for the estimation of the oscillation angles
of the suspended platform. The EKF relies on intermittent
observations from its onboard sensors that are published
at different frequencies. Finally, we discuss several control
approaches for the proposed platforms. We design an optimal
state feedback controller, which allows damping of the
oscillations of the platform. Additionally, a PD+ controller is
also designed in order to control the task-space dimensions.
The proposed platforms are underactuated in nature, thus
make its control difficult, which has been addressed in this
paper. The proposed designs are evaluated using extensive
computer simulations. The proposed planar-thrust platform
is also tested using real flight test experiments.

II. SYSTEM OVERVIEW AND MODELLING

In this section, we first introduce the system dynamics,
following which we review the omnidirectional suspended
aerial platform in section II-B. The novel underactuation
approaches for the platform are then proposed in section II-C
and II-D.

A. System Dynamics

We model the suspended platform as a spherical double
pendulum as depicted in Fig. 2. The first spherical joint can
be decomposed into three rotational joints q1, q2 and q3,
which are the rotation of the first link with length L1 about
its x, y, and z axis, respectively. The second spherical joint
can be expressed as the rotations q4 and q5 about its x and y
axis, respectively, with the length of the second link denoted
by L2. There is, however, no rotation about the z axis for
the second joint due to mechanical constraints imposed due
to the suspension, while assuming all the cables to behave
as rigid links. The double pendulum system has two modes
of oscillation, which are the low-frequency high-amplitude
mode for the first spherical joint, whereas the second joint
is dominated by high-frequency low-amplitude mode [11],
[22]. The joint dynamics can be summarized as

M(q)q̈+C(q, q̇)q̇+ g(q) = τ , (1)

where q =
[
q1 q2 q3 q4 q5

]T
is the configuration

vector, M(q) is the inertia matrix and C(q, q̇)q̇ is the

[q1, q2, q3]
T

L1

L2

z

x

y

[q4, q5]
T

Fig. 2: Suspended aerial platform represented as a spherical
double pendulum.

centrifugal/Coriolis term. g(q) is the gravity vector and τ
is the torque applied at the joints. The torques exerted at
the joints τ are related to the body wrenches u using the
Jacobian J(q) as τ = J(q)

T
u. For notational clarity, the

vectors and matrices are marked in bold to distinguish itself
from the scalar quantities. Next, we transform these system
dynamics to state-space form by defining the state vector as
x =

[
q q̇

]T
. The nonlinear state-transition matrix can be

then expressed as

ẋ = f(x,u) =

[
q̇

M(q)−1
(
J(q)

T
u−C(q, q̇)q̇− g(q)

)] . (2)

Note that our work concerns the analysis of only the
suspended aerial base, and does not consider any mobile
manipulation system which will be studied in the future.

B. Omnidirectional Platform
In an omnidirectional platform with unidirectional pro-

pellers [23], a 6 DoF wrench can be exerted in any direction
with only a positive thrust vector from the propulsion unit.
This wrench space includes the translational forces and the
rotational moments about the center of the mass (COM) of
the base. In the following, the forces along the x, y and z
axis are represented as Fx, Fy and Fz respectively, while the
rotational moments about the x, y and z axis are represented
as Mx, My and Mz respectively. The propulsion system used
in this study is a combination of brushless DC motors and
unidirectional propellers. The thrust vector generated by the
motor can be expressed as Fm. The wrench vector generated
at the base, denoted as uo, can be related to the motor
thrust using the allocation matrix Ao as uo = AoFm. The
allocation matrix Ao is obtained from the SAM platform
[11] after scaling it down to the same size as our proposed
platforms. The SAM has eight motors installed at an angle
that is obtained by solving an optimization problem [11],
which ensures a balanced design with equal distribution of
wrench between the thrusters. The omnidirectional platform
is used as a baseline for comparison with our proposed
designs.

C. Planar-thrust Platform
The planar-thrust platform (Fig. 1) has six propulsion

units that can exert thrust only in the plane of its base.
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Fig. 3: Top-view of the proposed (a) planar-thrust platform
with six rotors and (b) minimal-actuated platform with four
rotors. The arrows depict the direction of propulsion, whereas
Mi is used to denote the ith motor.

These thrusts can generate a wrench space that comprises
the translational forces along its x and y axis, and moment
about its z axis. The wrench vector up can be summarized
as,

up =
[
Fx Fy Mz

]T
. (3)

Even though this platform can exert only 3D wrench unlike
a 6D wrench possible with platforms in [11], [15], we still
successfully demonstrate the oscillation-damping of the base
in section V. Moreover, besides requiring fewer actuators
than the omnidirectional design, we also show that such a
planar-thrust design will allow us to conserve its actuation
energy which serves as one of the main motivations for
choosing such a design. The total translational force that
can be exerted along the x and y axis increases for such a
design as compared to an omnidirectional design. This might
be beneficial for certain tasks that require the base to hold its
position at desired deflected positions, while simultaneously
damping its oscillations. The proposed planar-thrust design
consists of six unidirectional thrusters, with the installation
angle of each motor being ± 90 degrees about its radial axis.
The direction of each thrust unit is highlighted by an arrow
in Figure 3. The allocation-matrix Ap for this platform is
given as

Ap =

 1 1 −0.5 −0.5 −0.5 −0.5
0 0 0.86 0.86 −0.86 −0.86
0.4 −0.4 0.4 −0.4 −0.4 0.4

 . (4)

D. Minimial-Actuated Platform

The concept of minimal-actuated design (Fig. 3) is similar
to the planar-thrust design, as both of them have the same
3D wrench-space. However, the minimal-actuated platform
consists of only four rotors, which is the minimum number
required for covering the entire 3D wrench-space. It is
to be noted that the actuation units utilize unidirectional
propellers1. The allocation matrix Am for this platform is
given as

Am =

 0 1 0 −1
−1 0 1 0
−0.4 0.4 −0.4 0.4

 . (5)

1Using a bidirectional propeller will allow us to further reduce the number
of actuation units to three in order to achieve a 3D wrench, which will be
studied in future.

III. OBSERVER DESIGN

In this section, an extended Kalman filter (EKF) is de-
signed in order to estimate the joint angles q and velocities
q̇. The EKF is of the continuous-discrete form [24] with
intermittent measurements. The continuous-discrete version
of the EKF is chosen because the measurements from the
sensors are obtained at a discrete interval, while the process
model in (2) is a continuous-time differential equation. The
prediction step for the states x and its error covariance P
are as follows,

ẋ(t) = f(x(t),u(t)) (6a)

Ṗ(t) = F(t)P(t) +P(t)F(t)T +Q(t) , (6b)

where F(t) is the Jacobian of f(t) with respect to x, while
Q(t) is the process noise covariance. The measurement
model used in the Kalman filter is given as,

zk = h(xk) + vk , (7)

where the subscript k denotes the sampling instance, zk
and h(xk) are the measurement vector and measurement
model respectively and vk is the sensor noise covariance. The
measurements used in the EKF are the translational velocity
and the orientation of the suspended base, which are obtained
directly from the sensors mounted on the flight-controller
unit (FCU) [25]. The selection of these measurement quan-
tities ensures the observability [26] of our linearized system
states. The optimal Kalman gain and the correction step for
the state x and covariance Pk are presented as follows,

Kk = Pk|k−1H
T
k

(
HkPk|k−1H

T
k +Rk

)−1

(8a)

x(k|k) = x(k|k − 1) + λiKk(zk − h(xk|k−1)) (8b)

Pk = (I−KkHk)P(k|k − 1) , (8c)

where Rk is the covariance of the sensor noise vk and Hk is
the derivative of the measurement model h(xk) with respect
to the states. For a particular sampling instant, if the ith
sensor publishes a new measurement then the variable λi is
one, and zero otherwise.

IV. CONTROLLER DESIGN

A. Linear Quadratic Regulator (LQR)

An optimal state feedback control LQR [27] is designed
which minimizes the following linear quadratic cost function,

J =

∫ t

0

(
x (t)

T
Q̂x (t) + u (t)

T
R̂u (t)

)
dt , (9)

where Q̂ is a positive semi-definite matrix which penalises
the state x whereas the positive definite matrix R̂ penalizes
the control input u. The state feedback control law can
be expressed as u = −kx, where the controller gain k
is obtained by minimizing the cost function in (9). Thus,
the LQR ensures that a full-state feedback is utilized for
designing the control input for our underactuated system.
We choose the gain k by linearizing the system at its origin.
The controllability matrix [26] is found to be full rank,
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for both the omnidirectional and the proposed underactuated
platforms, which conveys that the chosen wrench vector uo

and up are sufficient to control our system.

B. PD+ Controller

A PD+ control [28], [29] is designed in order to control
the platform in the task space, which is described in this
section.

1) Omnidirectional Platform: We consider the task coor-
dinates xo of the omnidirectional platform as

xo =
[
px py ϕ θ ψ

]T
, (10)

where px and py are the inertial positions of the center of
mass (COM) of the platform, while ϕ, θ and ψ are its Euler
angles. The task-coordinates are related to the joints using
the Jacobian Jo as ẋo = Joq̇. Next, transforming the system
dynamics (1) to task space [30], we obtain

Λẍo + µẋo + ρ = Fo , (11)

where Λ, µ, and ρ are the task-space inertia, Coriolis matrix,
and gravity respectively. The control input Fo in task-space
is then defined as2,

Fo = Λẍd + µẋd +Kd (ẋd − ẋo) +Kp (xd − xo) + ρ ,
(12)

where Kp and Kd are the respective coefficients correspond-
ing to the position and velocity error in task space. xd, ẋd and
ẍd denote the desired task position, velocity and acceleration,
respectively. By choosing control law (12), we obtain a stable
closed-loop system dynamics for all positive gains Kp and
Kd. The maximum thrust vector is denoted as Fmax, with
the maximum thrust of each unit being limited to 9 N. In
order to generate only positive thrust from the motors, a
least-squares problem is solved to obtain the thrust Fm as,

min
Fm

∥Fm∥22

s.t. JTAoFm = JT
o Fo ,

0 ≤ Fm ≤ Fmax .

(13)

2) Planar-thrust and Minimial-actuated Plaforms: Due to
the reduced wrench-space, the task coordinates xu of the
underactuated platforms are chosen differently as follows,

xu =
[
px py ψ

]T
. (14)

A redundancy is involved with this selection of task space
as xu ∈ R3 whereas q ∈ R5. Therefore, we introduce the
nullspace velocity vn = Nq̇ using the nullspace operator N
[31]. The task coordinates are related to the joints using the
inertial Jacobian Ju as ẋu = Juq̇. The system dynamics is
then transformed into a decoupled task-space and nullspace
coordinates [32] as,[
Λx 0
0 Λn

] [
ẍu

v̇n

]
+

[
µx µxn

µnx µn

] [
ẋu

vn

]
+

[
ρx

ρn

]
=

[
Fx

Fn

]
,

(15)

2If the task concerns damping the platform about the origin, then the
compensation of gravity is not needed as it has a stabilizing effect.

where the subscripts n and x refer to quantities in the
nullspace and taskspace, respectively. In order to obtain
stable closed-loop dynamics, the task-space controller Fx is
chosen similar to (12) as2

Fx =Λeẍd + µẋd +Kd (ẋd − ẋu) +Kp (xd − xu)

+ µxnvn + ρx .
(16)

The task-space force Fx and the nullspace force Fn are
related to the joint torque τ as follows,

τ = JT
uFx +NTFn . (17)

The torque τ is related to the body wrenches u as τ =
JTu. Next, we define the relation u = Bup, where up

consists of the selected wrench elements from the body-
wrench u, which the underactuated platform can exert and B
is the underactuation matrix. The wrench component up is
applied by actuation units of the platform, which is obtained
using the following relation,[

up

Fn

]
=

[
JTB −NT

]−1

JT
uFx . (18)

Notice that the chosen actuation architecture not only
generates the task force but also an additional force Fn in
the nullspace dynamics. However, the calculated up obtained
from (18) ensures that the designed task-space force from the
controller is exerted by the actuation units.

V. RESULTS

Our proposed novel underactuated platforms are evaluated
using both computer simulations and experimental studies,
which will be discussed in this section.

A. Numerical Simulations

The simulation model used in our studies describes the
spherical double pendulum in Fig. 2. The initial joint-angles
for the simulation are chosen as q1 = 0.15, q2 = 0.2, q3 =
0.2, q4 = 0 and q5 = 0 radians. The initial joint velocities are
all considered as zero. The length of each link of the double
pendulum is considered to be 0.75m, in order to replicate
the actual experimental setup (Fig. 9). However, for outdoor
experiments, the length of the first link will be higher than
the second which will be studied in the future. The weight
of the platform is found to be 4.06 kg, and its arm length is
0.4m. The principal inertia along the x, y, and z axis are
found to be 0.0646, 0.0646, and 0.0682 kgm2, respectively.

In order to assume a similar comparison of the three
different platforms, the state-penalty matrix Q̂ is chosen the
same for all platforms as

Q̂ = diag([400, 400, 20, 1000, 1000, 200, 200, 1, 500, 500]) .

The R̂ for all the platforms is chosen as an identity
matrix. Moreover, the propulsion unit, mass, and inertia are
considered to be the same for all three platforms. However in
the future, we would like to scale these metrics based on the
number of actuation units in the platform. We observe that all
three platforms have successfully damped the oscillations of
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the base, with a satisfactory settling time (Fig. 4). The planar-
thrust and the minimum-actuated platform demonstrate a
similar behaviour for all five joints, with a high-frequency
transient motion observed for the joints q4 and q5, before it
converges to equilibrium.

Fig. 4: Joint-angles for the LQR-controlled system, using
the omnidirectional platform (denoted as OD), planar-thrust
platform (denoted as PT), and minimum-actuated platform
(denoted as MA).

Fig. 5: Wrenches commanded by the LQR controller.

(a)

(b)

Fig. 6: Energy consumption for the (a) LQR-controlled
system and (b) PD+ task-controlled system.

The wrenches commanded by the platform are shown in
Fig. 5. We observe that the wrench exerted by the omnidi-

rectional platform for damping the base is predominantly of
lower frequency, unlike that of the proposed underactuated
designs. In order to estimate the energy consumption by the
platforms, we introduce the quantity Ê as

Ê =
∑ N∑

i=1

Fmi .pwmi

∆t , (19)

where N is the number of actuators, Fmi
is the thrust

generated by ith motor and pwmi is the PWM pulse issued
to the motor i. The PWM pulse is used in computing
Ê instead of the motor speed, because they are directly
proportional to each other, besides the absence of motor
speed sensing in the platform. Ê for the planar-thrust and
the minimal-actuated platform is found to be lower than the
omnidirectional platform by 32.1% and 28.2%, respectively
(Fig. 6).

Fig. 7: Task coordinates of the PD+ controlled system.

Fig. 8: Wrenches commanded by the PD+ controller.

The performance of the task-space controller and the
corresponding commanded wrenches are shown in Fig. 7 and
8, respectively. In order to assume a similar comparison for
the different platforms, the same stiffness Kp is chosen for
all of them. The Kp corresponding to the states x, y, and
ψ are chosen as 400, 400, and 100, respectively. The fully-
actuated platform has two additional task spaces ϕ and θ, and
their corresponding Kp were chosen as 100. The damping
coefficient Kd is chosen as twice the square root of Kp.
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Fig. 9: Sequence of the experiments with the proposed planar-thrust platform being stabilized using the LQR controller.

The performance for all the platforms is similar in terms
of the state’s evaluation. We also observe that similar to
the previous case, the proposed platforms are more energy-
efficient than the omnidirectional configuration (Fig. 6).

B. Experimental Results

Fig. 10: Experimental results showing the joint-angles for
the LQR-controlled system using the planar-thrust platform.

Fig. 11: Experimental results for the planar-thrust platform
with the PD+ task-space controller.

The experiments are conducted using the planar-thrust
platform (Fig. 9) instead of the minimal-actuated platform,
as the former offers additional redundancy during actua-
tor failures. The planar-thrust platform comprises of six
brushless DC motors with a rating of 380 KV and folding
propellers with a diameter of 15 inches. Such a configuration
of the propulsion system is sufficient for our medium-size
platform. The motor thrust commands from the controller
are transformed into the corresponding PWM signal using a
static mapping obtained form an experimental identification.
The flight controller unit (FCU) is chosen as the Pixhawk
Cube Orange which is lightweight and compact and includes
three IMU sensors for additional accuracy of our estimation
algorithm. We utilize the PX4 firmware [25] in order to

interface the FCU, and our algorithm runs at a frequency
of 500 Hz.

The experiments demonstrate the damping behaviour of
the proposed planar-thrust platform by stabilizing it from an
initial tilt angle (Fig. 9). For the LQR-controller, R̂ is chosen
as identity matrix, while Q̂ is chosen as

Q̂ = diag([100, 100, 0.1, 0.01, 0.01, 1, 1, 0.1, 0.0001, 0.0001]) .

The gains here are chosen differently from that of the sim-
ulations due to both model uncertainties and low bandwidth
of the motor. A high-frequency oscillation for the joints q4
and q5 with an amplitude of around 0.01 radian is observed
(Fig. 10). A similar phenomenon is also observed in the
simulations (Fig. 4). Note that the controllers utilize the
state-feedback from the EKF that has been experimentally
validated using a two-sigma test [33]. For the task-space
controlled system, Kp corresponding to the states x, y,
and ψ are chosen as 25, 25, and 0.35 respectively, while
their corresponding Kd are chosen as 10, 10 and 0.13. We
observe that the states are damped within 8 seconds (Fig. 11).
However, there is a time delay in sensing the yaw angle ψ,
which resulted in its slower convergence rate, as compared to
the other states. The supplementary material provided with
this paper demonstrates an additional stabilisation scenario
with a different set of gains.

VI. CONCLUSION AND FUTURE WORK

In this paper, we proposed a novel planar-thrust and a
minimum-actuated suspended aerial platform and compared
their performance with an omnidirectional design. The pro-
posed underactuated designs were found to be more energy-
efficient and use fewer actuators than the omnidirectional
configuration, while successfully damping the spherical dou-
ble pendulum-type system. In order to validate and compare
the platforms, we designed optimal state-feedback and a PD+
controller for damping the oscillations of the platform in the
joint space and task space, respectively. An intermittent EKF
was designed using only its onboard IMU sensors, in order
to provide state feedback to the controllers.

In the future, we plan to mount a robotic manipulator
on the platform base and perform aerial manipulation tasks
with it. We would like to include additional sensors in order
to obtain fast and drift-free reliable estimates of the yaw
angle. It would also be interesting to analyse the use of
bi-directional propellers to further reduce the number of
actuators for the minimal configuration.

8420



REFERENCES

[1] A. Ollero, M. Tognon, A. Suarez, D. Lee, and A. Franchi, “Past,
present, and future of aerial robotic manipulators,” IEEE Transactions
on Robotics, vol. 38, no. 1, pp. 626–645, 2021.

[2] A. Ollero, G. Heredia, A. Franchi, G. Antonelli, K. Kondak, A. Sanfe-
liu, A. Viguria, J. R. Martinez-de Dios, F. Pierri, J. Cortés, et al., “The
aeroarms project: Aerial robots with advanced manipulation capabil-
ities for inspection and maintenance,” IEEE Robotics & Automation
Magazine, vol. 25, no. 4, pp. 12–23, 2018.

[3] M. Ryll, G. Muscio, F. Pierri, E. Cataldi, G. Antonelli, F. Caccavale,
and A. Franchi, “6d physical interaction with a fully actuated aerial
robot,” in 2017 IEEE International Conference on Robotics and
Automation (ICRA). IEEE, 2017, pp. 5190–5195.

[4] A. Ollero and B. Siciliano, Aerial robotic manipulation. Springer,
2019.

[5] N. Staub, D. Bicego, Q. Sablé, V. Arellano, S. Mishra, and A. Franchi,
“Towards a flying assistant paradigm: the othex,” in 2018 IEEE
International Conference on Robotics and Automation (ICRA). IEEE,
2018, pp. 6997–7002.

[6] A. Afifi, G. Corsini, Q. Sable, Y. Aboudorra, D. Sidobre, and
A. Franchi, “Physical human-aerial robot interaction and collabora-
tion: Exploratory results and lessons learned,” in 2023 International
Conference on Unmanned Aircraft Systems (ICUAS). IEEE, 2023,
pp. 956–962.

[7] G. Corsini, M. Jacquet, H. Das, A. Afifi, D. Sidobre, and A. Franchi,
“Nonlinear model predictive control for human-robot handover with
application to the aerial case,” in 2022 IEEE/RSJ International Con-
ference on Intelligent Robots and Systems (IROS). IEEE, 2022, pp.
7597–7604.

[8] F. Huber, K. Kondak, K. Krieger, D. Sommer, M. Schwarzbach,
M. Laiacker, I. Kossyk, S. Parusel, S. Haddadin, and A. Albu-
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