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Design, Modeling and Control of Omni-Directional Aerial Robot
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Abstract— We propose a novel multi-rotor flying platform,
ODAR (omni-directional aerial robot), which is fully-actuated
(i.e., can assume arbitrary motion in SE(3) or generate
arbitrary control wrench in se(3)) by six opportunistically
distributed rotors, each driven by reversible ESC (electronic
speed controller) for bi-directional thrust generation. Due to
this omni-directional wrench generation, the ODAR system can
realize such powerful behaviors impossible with conventional
multi-rotor flying platforms as: 360◦ photo/video shooting while
holding its position for VR scene generation; or resisting sideway gust while keeping its attitude and exerting downward
pushing force larger than its own weight for aerial manipulation
applications. This paper presents optimal mechanical design,
modeling and control, hardware and software implementation,
and experimental verification of the ability of the ODAR system
to attain those behaviors impossible with the conventional
drones as stated above.

I. I NTRODUCTION
Multi-rotor unmanned aerial vehicles (UAVs) or simply
drones have received booming interests from the research
community and the general public alike due to their capacity/promise to extend our sensory and manipulation ability to
3D space without being bound to the ground. This flourishing
field of the drones is enabled by the recent advancement
and maturation of many background technologies including
material/manufacturing (e.g., carbon fiber, magnesium alloy), sensors (e.g., MEMs (micro-electromechanical systems)
IMU (inertial measurement unit), sonar, cameras, etc.), actuators (e.g., BLDC (brush-less direct-current) motors), onboard
computing and communication, and algorithms (e.g., sensor
fusion, localization, control, image processing, etc.), to name
just few.
The most successful application of the drones has been
so far aerial photography, for which the well-known underactuation property of the typical multi-rotor drones (e.g.,
cannot control position and orientation at the same time)
demands the adoption of some extra pan-tilt actuation to ensure the separation between the picture taking and the drone
flying. To address this issue of under-actuation, some new
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Fig. 1. ODAR (omni-directional aerial robot) with six asymmetricallyaligned rotors, each controlled by reversible ESC (electronic speed controller). Also shown are the inertial, the body and the i-th rotor coordinate
frames, {O} := {N O , E O , DO }, {B} := {N B , E B , DB } and {Ui } :=
{X Ui , Y Ui , Z Ui }.

designs have been proposed with asymmetrically-aligned
rotors (e.g., [1], [2]), which, yet, are capable of only mild
flying to prevent negative thrust generation. Further, the allangle shot or 360◦ tracking with position-hold, which is
sought out for another recently booming field of VR (virtual
reality), is generally impossible for any of the currentlyavailable multi-rotor drones.
On the other hand, to substantially expand the practical
usefulness of the drones, which is at the moment limited
only to aerial photography, drone-based aerial manipulation
has been studied, for which drone-manipulator systems (i.e.,
drone with multi-degree-of-freedom (DOF) robotic arm) are
most intensively investigated (e.g., [3], [4], [5], [6], [7]).
Yet, those drone-based manipulator systems, we believe,
on top of the well-known issue of limited payload and
operation time, also suffer from the following two crucial
shortcomings stemming from the issue of under-actuation:
1) they cannot sustain side-way gust while holding their
orientation, implying that they may not be able to maintain
contact or continue manipulation task, particularly given that
the attached robotic arm is typically of only low-DOF due to
the payload limitation of the drone; and 2) they cannot exert
downward pushing force larger than their own weight with
the typical drones having the thrust force of their rotors all
aligned upward, although this downward force is important
and often crucial for many manipulation tasks in practice.
These shortcomings, we believe, are because the multi-rotor
drone platforms are designed/optimized for flying, not for
manipulation.
To overcome these limitations of the conventional multirotor drones, in this paper, we propose a novel flying platform, ODAR (omni-directional aerial robot), as
shown in Fig. 1, which features six opportunistically-
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aligned/distributed bi-directional rotors (with reversible ESC
(electronic speed control) and reversible propellers) to realize
omni-directional wrench generation (e.g., downward pushing
force of 35N larger than 1.43kg system weight: Fig. 7)
and flying behavior (e.g., pitching flipping motion: Fig. 6),
impossible for the conventional drones. The key challenge
here is, given the limited thrust capacity of the rotors, how
to optimally attach the rotors to maximize the control wrench
generation in se(3). This is even more so, as we envision the
onboard ODAR system (with battery on it) in near future.
We provide a novel constrained optimization formulation for
this ODAR design optimization. Further, we experimentally
demonstrate such behaviors/capabilities impossible by the
conventional drones as strong downward pushing, pitching
flipping motion, etc.
There have been proposed several new designs of flying
platforms to overcome the issue of under-actuation, of which
some related results to ours include [2], [8], [9], [10], [11],
[12], [13], [14], [15], [16], [17], [19]. The works of [10],
[11], [12], [13], [14], [15] advocate tilting rotors to overcome
the issue of under-actuation, which, yet, requires additional
actuators for tilting, thus, resulting in even further reduction
of already fairly tight payload (and control force generation)
of the drones. The work of [17] devise the aerial platform
actuated with multiple drones connected by spherical joints
to deal with both under-actuation and payload problem, but
the system cannot exert downward pushing force larger than
its own weight.
Most closely related works to our ODAR system are
[2], [8], [9], [16], [19], where the authors also utilize
asymmetrically-aligned rotors. Yet, the designs of [2], [8],
[16] are given by combining multiple drones with a bit
tilted angle or slightly tilting the rotors of the conventional
multi-rotor drones, thus, not capable of omni-directional and
aggressive motion and wrench generation. On the other hand,
the designs of [9], [19] are obtained by optimizing the
attachment of the rotors as similarly done in this paper.
Yet, optimization in [9] is to minimize the system size,
rather than explicitly maximizing wrench generation as done
in this paper, which we believe, is important particularly
given limited capacity of the rotors and for eventual onboard
implementation. In [19], they explicitly maximize control
wrench similarly to our work, but the aerodynamic interference among the rotors is not considered, which can even
cause feasibility problem of their optimal solution such as
overlapped positions of the rotors.
The rest of the paper is organized as follows. Mechanical
design, including design optimization, of the ODAR system
is presented in Sec. II, whereas its modeling/control and the
hardware/software implementation explained respectively in
Sec. III and Sec. IV. Experimental results are then given in
Sec. V with some concluding remarks in Sec. VI.
II. M ECHANICAL D ESIGN
A. Design Description
Given the limited thrust generation capacity of the rotors,
the design of the ODAR system needs to be as light as

possible while also optimizing the attachment of the rotors
to maximize their control wrench generation. At the same
time, the rigidity of the structure is desired for easiness of
control design and analysis. These design considerations are
of utmost importance to us, as we envision the ODAR system
to be eventually flown using onboard battery, sensor and FCU
(flight control unit) while retaining control simplicity of the
conventional multi-rotor drones. For this, first, we design the
mainframe of the ODAR system to be made with the lowweight high-stiffness carbon fiber composite. To realize our
wrench-maximizing arrangement of the rotors (see Sec. IIB), we also exploit 3D printing with PLA filament to make
the geometrically complex and structurally strong-enough
connection parts between the mainframe and the rotors.
We design the overall shape of the ODAR system to
be the bar shape (see Fig. 1). We choose this bar shape,
first, for aerial manipulation applications, as it resembles the
shape of many commonly-used tools (e.g., screw-driver, drill,
inspection probe, etc.) and also can hold those tools while
effectively resisting their reaction moment by the torque amplification through its longitudinal length. Another advantage
of this bar shape is that it can accommodate cameras at its
ends without creating interference with the rotors, which we
think would be useful for aerial photography, particularly,
for the all-angle photo shooting using the ODAR system. Of
course, according to target task objectives, other designs such
as spherical or disc shapes would also be possible/desirable,
which will be reported in our future publications.
To construct the ODAR system, we adopt the pair of
two rotors symmetrically-attached w.r.t. the mainframe as
the basic actuator block (see Fig. 1). This we choose here
to utilize the clever design of the conventional multi-rotor
drones, where symmetrically-attached rotors can separate the
thrust and the torque generations of the drones. Even though
the force and torque generations of each rotor pair cannot be
completely separated from each other, we still believe that
the advantages of the multi-rotor drone design can still be
inherited to our ODAR system at least to some extent, with
the help of cooperative actuation of other rotor pairs and
particularly given that the reaction yaw moment induced by
the drag force is only around 2% of the thrust generation
(verified by experiments). This adoption of the rotor pairs
also turns out to significantly simplify the process of design
optimization (Sec. II-B) by reducing the search space by half.
For the ODAR system to be truly omni-directional, the
rotors should be able to produce thrust bi-directionally, since,
if not, with the fixed attachments of the rotors, the system
is in general capable of only fairly mild maneuver and/or
limited contact wrench generation under the uni-directional
thrust actuation constraint [1], [2]. To address this issue, in
this paper, we adopt reversible ESC (electronic speed controller) with the reversible propellers composed of two unidirectional props stacked together in the opposite direction
(see Fig. 4). We also experimentally show that, even with
some interference between the two opposite stacked props
(with four blades), the reduction of the thrust generation
along one direction is only about 8% less than the case
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of using a single uni-directional prop (optimized for one
direction, with two blades), thus, we can use this stacked-up
props with the reversible ESC for the bi-directional thrust
generation for each rotor. This reversible thrust generation is
crucial, e.g., to exert strong downward pushing force larger
than the weight of the system itself, which is impossible with
the uni-directional rotors.
Under these design considerations, we come up with the
weight of all the components of the ODAR system to be
around 1.43kg as detailed in Sec. IV. Then, the remaining
question is how to optimally attach the n-rotors to maximize
control wrench generation in se(3), which is the topic for the
next Sec. II-B.
B. Wrench-Maximizing Design Optimization
The goal of our design optimization is to specify the
optimal attaching location of each rotor ri ∈ <3 and the
respective thrust generation direction ui ∈ SO(2), i = 1, .., n,
all expressed in the body frame {B} - see Fig. 1. The search
space of the optimization is then given by U × R:
U := {ui ∈ <3 | uTi ui = 1, uj = uj+ n , i = 1, ..., n,
2

j = 1, ..., n2 }
R := {ri ∈ <3 | ri ∈ Rmax , rj = −rj+ n , i = 1, ..., n,
2

j = 1, ..., n2 }
where U and R are the set of the orientation vectors and
the location vectors, respectively, n is the total number of
rotors, which is assumed to be even, with the usage of the
rotor pairs being also included in the definitions of U and R,
the condition uTi ui = 1 is used to let ui ∈ SO(2), and Rmax
is the maximum allowable volume for all the rotor locations
defined by
q
Rmax := {r ∈ <3 | ry2 + rz2 ≤ Rmax , |rx | ≤ Lmax
2 }
where we choose the maximum radius Rmax = 0.15[m] and
the maximum length Lmax = 1.1[m] for this paper. Here,
we also set n = 6, which is the minimum number of rotors
required for the full-actuation in SE(3). Our design procedure
presented here, of course, can be extended for other numbers
of rotors as well.
Then, we aim to formulate the design problem as a
constrained optimization problem. For this, note first that,
once the attachment of the rotors are designed, the control
thrust and torque generations by the distributed rotors will
be contained in the following feasible control thrust volume
VF and the feasible control torque volume VT :
VF := {f ∈ <3 | f =
VT := {τ ∈ <3 | τ =

n
X
i=1
n
X

λi ui , λmin ≤ λi ≤ λmax }

Fig. 2. Feasible control thrust volume VF and feasible control torque
volume VT of the optimally designed ODAR system in Fig. 3.

λmin = −λmax ≤ 0 as stated in Sec. II-A, γ > 0 is
the thrust-yaw ratio caused by the drag force (we obtained
γ ≈ 0.02 through experiments), and σi ∈ {1, −1} specifies
the direction of the reaction yaw moment depending on the
construction of the stacked-prop for the i-th rotor. Here, we
assume uniformity among all the rotors. Also, the sets VF
and VT are both convex, since λi ui and λi (ri × ui + γui )
each constitutes a convex set. See Fig. 2.
Since the ODAR system is purposed to be omnidirectional, it is important to ensure the system produce at
least some minimum thrust and torque for any attitude. Of
particular importance is to generate thrust for any attitude
larger than its own weight so that the system can fly
while subsuming any attitude. To represent this requirement,
we define the guaranteed minimum control thrust for any
orientation s.t., with Nh := {1, 2, ..., n/2},
X
Fmin (U) := min
2λmax |(ui × uj )T uk |
(1)
i,j∈Nh

k

which is the minimum distance from the origin to the surface
of the volume VF . More specifically, denote the plane on VF
constructed with ui , uj by Fij . Then, following the procedure
developed for cable-driven robots in [18], the distance from
the origin to this plane along its normal vector ui × uj can
be written as: with i, j ∈ Nh ,
X
X
dF
2λmin (ui × uj )T uk
2λmax (ui × uj )T uk +
Fij =
k∈S
/ ij

k∈Sij

where Sij is defined by
Sij := {k|(ui × uj )T uk ≥ 0}.
and the multiplication by 2 of the RHS in the definition of
dF
Fij is from our adoption of the rotor pairs. Then, since VF
is convex with the origin in its interior as stated above, and
further, symmetric w.r.t. the origin due to λmax = −λmin , we
have Fmin (U) = mini,j∈Nh dF
Fij , from which (1) follows.
We can also similarly define the guaranteed minimum
control torque for all the orientation by:

λi (ri × ui + γσi ui ) ,

Tmin (U, R) := min

i,j∈Nh

i=1

λmin ≤ λi ≤ λmax }
where λi is the thrust output of the i-th rotor, λmin , λmax ∈ <
are the minimum and maximum thrust for each rotor with

X
k

2λmax

|(ti × tj )T tk |
||ti × tj ||

(2)

where ti ∈ <3 is the control torque vector of the i-th rotor
given by ti := ri × ui + γσi ui , and we also normalize the
expression by non-unit vector ||ti × tj ||.
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We can then formulate the design optimization problem
as a constrained optimization problem s.t.,
max Tmin (arg max Fmin (U), R)
R

(3)

U

subj. to uTi ui = 1

(4)

ri ∈ Rmax

(5)

Fmin (U) ≥ mg

(6)

daero (U, R) ≥ D

(7)

where: (4) is to constrain ui to be in SO(2) and (5) is
to specify the volume constraint of the rotor locations as
explained above; (6) is to ensure that the ODAR system can
fly while overcoming its own weight with arbitrary attitude;
and (7) is to reduce the aerodynamic interference among
the rotors by ensuring the gap among their aerodynamic
influence spaces Ca,i larger than a certain value D, i.e.,
daero (U, R) := min ||ca,i − ca,j || ≥ D, ca,i ∈ Ca,i , i 6= j
i,j

where
Ca,i (ri , RBUi ) :=
T
{c ∈ <3 | c = RBU
u + ri ,
i

q
u2x + u2y ≤ ra (uz )}

is the aerodynamic influence space of the i-th rotor, with
RBUi ∈ SO(3) being the rotation matrix from {B} to {Ui }
(see Fig. 1), and ra : < → < being the axial shape
function of the aerodynamic space also similarly used in [9].
This function ra can be identified by CFD (computational
fluid dynamics) simulation or through experiments using
anemometer as done by us for this paper.
We solve this constrained optimization (3)-(7) and the
obtained ODAR design is illustrated in Fig. 3 with its feasible
control thrust and torque volumes VF and VT also shown in
Fig. 2. Some comments on the design optimization (3)-(7)
are in order. First, note from (3) that we first determine the
thrust directions u0i of all the rotors, and then solve for their
attaching locations ri0 given that obtained directions u0i . This
sequential formulation turns out to significantly speed up the
solving process of the constrained optimization (3)-(7) while
providing adequate design as experimentally demonstrated in
Sec. V with the maximum thrust force along the N and D
directions larger than 21N for the system weight of 1.43kg
(see Sec. IV).
The objective functions, Fmin and Tmin in (3), i.e., the
guaranteed minimum control thrust and torque for all the orientation, have clear physical meaning related to the wrench
generation, thus, some important wrench-related constraints
can easily and straightforwardly be incorporated (e.g., weight
compensation via (6) or anisotropic wrench generation by
using certain weighting matrices with Fmin , Tmin ). It is also
interesting to notice some similarity between the design of
ODAR system and that of cable-driven robotic systems [18],
as both the systems are driven by distributed actuators with
“pulling” actions (i.e., thrust force or cable tension). Along
the same line, we can also say that the design optimization
(3)-(7) is applicable/extendable for general thrust-propelled

Fig. 3. Optimal structure design and rotor arrangements of the ODAR
system through the constrained optimization formulation (3).

vehicles (e.g., ROV (remotely-operated underwater vehicle))
and also for cable-actuated systems, with its constraints (4)(7) suitably modified.
Design optimization for the hexacopter drones to attain the
full-actuation in SE(3) is also performed in [16] (and likely
in [1], [8] although not published). Yet, their search space
is only the directions of the rotors with their attaching locations pre-fixed to the topology of the standard hexacopter,
substantially limiting design possibility as compared to our
design optimization (3)-(7), where we choose both the thrust
directions and the locations of the rotors as the optimizing
parameters.
More closely related to our design optimization (3)-(7)
are the works of [9], [19], where they come up with a new
topology of flying platform with both the orientation and
location of the rotors constituting the search space. For this,
the work of [9] optimizes (or minimizes) the volume of the
system, while constraining the rank and condition number
of the mapping from the rotor thrust to the system wrench
to be larger than six and a certain number. In contrast, we
directly maximize the (guaranteed minimum) control wrench
generation while constraining the volume size, which we
believe, has advantage over the work of [9] for our ODAR
system, as the key challenge here is to produce the control
wrench as large as possible given the limited capacity of
each rotor, particularly for aerial manipulation.
The work in [19] is even a bit closer to our work in
that they aim to maximize the control wrench. However,
they do not consider aerodynamic interference among the
rotors and this can even cause a feasiblity problem of the
optimal solution. For example, the resultant rotor positions
of an eight-rotor system by the design optimization process
in [19] are the vertice of a tetrahedron, where two rotors are
overlapped at each vertex. Since the overlapped rotor positions cannot be implemented, they intensionally set the rotor
positions to be at the vertice of a cube which is a heuristic
method. On the other hand, with the constraint (7) in our
design optimization, we can systematically eliminate such
possibility as overlapped positions of the rotors, ameliorating
the aerodynamic interference effect among the rotors.
III. M ODELING AND C ONTROL
With the full-actuation as obtained by the design optimization in Sec. II-B, we can model the ODAR system as a fullyactuated rigid-body s.t.,
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mẍ = ROB Bf λ + mge3 + fe
J ω̇ + ω × Jω = Bτ λ + τe

(8)

Bfi = ui ,

Bτi = ri × ui + γσi ui ,

thrust value [N]

where m > 0 is the mass with x ∈ <3 being the centerof-mass position expressed in {O}, J ∈ <3×3 is the inertia
matrix with ω ∈ <3 being the angular velocity expressed in
{B}, ROB ∈ SO(3) is the rotation matrix from {O} to {B},
g is the gravitational constant, and e3 = [0; 0; 1]. See Fig.
1. Also, λ = [λ1 ; λ2 ; · · · ; λ6 ] ∈ <6 is the collection of the
thrust inputs of the six rotors, and Bf , Bτ ∈ <3×6 are the
mapping matrices from the thrust inputs to the control thrust
and the control torque, with their i-th column specified by
i = 1, ..., 6

where γ ≈ 0.02 (through our own experiments) and σi are
defined in Sec. II-B.
Let us then define the following relation:
  


f
ROB 0
Bf
=
λ =: Bλ
(9)
τ
0
I
Bτ
where f, τ ∈ <3 are respectively the translation and orientation controls expressed in {O} and {B}, and the matrix
B ∈ <6×6 is non-singular (i.e., fully-actuated) from the
design optimization in Sec. II-B. Then, given f, τ , we can
always find λ ∈ <6 , thus, we can consider f, τ as the control
inputs. We then design the following simple PID-control:
Z t
(x − xd )ds
f = −mge3 − kd (ẋ − ẋd ) − kp (x − xd ) − ki
0

τ = ω × Jω − kω (ω − ωd ) − kR (RdT R − RT Rd )
where xd ∈ <3 , Rd ∈ SO(3), ωd ∈ <3 are the desired position, attitude and angular velocity, and kp , kd , ki , kω , kR ∈
<3×3 are the gain matrices. As experimentally demonstrated
in Sec. V, this simple PID-controls suffice for the fullactuation of the ODAR system for the tasks shown there.
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Fig. 4. (Top) 3D printed rotor-body attachment (left) and stacked reversible
propeller (right). (Bottom) Thrust generation curves of the standard unidirectional propeller (with two blades) and the stacked reversible propeller.

The MCU (micro controller unit) board consists of
Open429I board and STM32F4 chip equipped with CortexM4 CPU from STMicroelectronics. This MCU board receives the desired thrust/torque control inputs (i.e., f, τ in
(9)) from the master PC except the angular velocity feedback,
incorporates the angular velocity feedback into τ by using
the angular velocity signal ω directly measured from the IMU
sensor (MPU-9150) attached on the mainframe with 200Hz,
and compute the desired thrust inputs λ ∈ <6 with the rate
of 1kHz. This thrust input is then converted to PWM (pulse
width modulation) signal and sent to the reversible ESCs
(MT25A-OPTO-3D with SimonK firmware). The master PC
receives the pose information of the ODAR system from the
VICON MOCAP (motion capture) system with 240Hz and
computes the thrust/torque control inputs (f, τ ) except the
angular velocity feedback, which is then sent to the MCU
through serial communication. Lastly for power supply, we
choose SMPS (switching mode power supply) LCM1500N
AC-DC converter with the rating of 15V, 1.5kW, which turns
out to be adequate to power up all our ODAR system with
the six reversible rotors.
V. E XPERIMENTAL V ERIFICATION

IV. H ARDWARE AND S OFTWARE I MPLEMENTATION
Here, we describe the mechanical and electrical implementation of the ODAR system in detail. As stated in Sec.
II-A, we construct the mainframe of the ODAR system using
a commercial carbon fiber pipe with the diameter, length
and thickness of 30mm, 1.5m and 1mm, respectively. Six
BLDC motors (MT2216 v2.0 from T-Motor) are chosen
and attached to the mainframe with the 3D-printed PLA
filament attachment (see Fig. 4). To achieve the bi-directional
rotors, we also stack two uni-directional props (each with
two blades, diameter 10”) together in the opposite direction
as shown in Fig. 4. We also perform a simple experiment
to show that the thrust generation of this stacked reversible
prop is about 92% of that of the single prop (i.e., with two
blade, yet, optimized for one-direction), which is up to 11N
for both the upward and downward directions. With all these
components and the design optimization of Sec. II-B, we
obtain the final ODAR system as shown in Fig. 3 with the
weight of 1.43kg and the control thrust/torque volumes as
shown in Fig. 2 with the maximum thrust force along the N
and D directions of {B} to be 21N.

To show that the ODAR system can realize behaviors
impossible to attain with the conventional multi-rotor drones,
here, we perform three experiments. The first experiment is
simultaneous circular position trajectory tracking (horizontal
circle with the diameter of 1m) and sinusoidal pitch angle
tracking control (±30◦ ). The snapshots and the data of the
experiments are presented in Fig. 5, from which we can
see that the ODAR system can indeed control its orientation
and translation simultaneously and separately due to its fullactuation. The RMS tracking error are also 3.41cm and
2.39◦ , respectively. From the bottom of Fig. 5, we can also
observe some peaks (around 8s, 12s and 16s) due to the
direction switchings of the reversible ESCs, how to address
which, particularly from the modification of the reversible
ESC or using some predictive control action, is the topic for
future research.
The second experiment is the 180◦ vertical pitching flipping motion control with virtual pivoting around one of its
end, which may be useful, e.g., for the all-angle shot without
extra pan-tilt actuation. The snapshots are shown in Fig. 6,
from which we can see that the ODAR system can indeed
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Fig. 7. (Top) Snapshots of the downward pushing experiment of the ODAR
system. (Bottom) Exerted downward force data with maximum around 30N.

Fig. 5. (Top) Snapshots of simultaneous trajectory tracking and pitching
motion of the ODAR system. (Bottom) Position and orientation data.

Fig. 6. Snapshots of the pitching flipping experiment of the ODAR system.

achieve this vertical pitching flipping motion, impossible
with the conventional multi-rotor drones. Lastly, the third
experiment is the downward pushing force control, with the
snapshots and the downward contact force data presented in
Fig. 7. We can see from the figure that the ODAR system
can exert the downward control force (i.e., maximum 35N),
which is much larger than its own weight (1.43kg), again
impossible for the conventional multi-rotor drones or aerial
manipulation systems based on that.
VI. C ONCLUSION
In this paper, we present a novel flying platform,
ODAR (omni-directional aerial robot), which, from
being fully-actuated by relying on six opportunisticallyaligned/distributed rotors, each driven by reversible
ESC/props, can attain behaviors impossible with the
conventional multi-rotor drones, such as pitching flipping
motion and downward pushing with force larger than
their own weight. Optimal mechanical design, modeling
and control, hardware/software implementation, and
experimental validation of the ODAR system are presented.
We believe the ODAR system will be useful for applications, particularly those, which are impeded by the
under-actuation of the conventional drones, e.g., all-angle
photo-shooting for VR scene generation and omni-directional
wrench generation for aerial manipulation. Some future
research topics include: 1) onboard ODAR implementation;
and 2) integration of ODAR with multi-DOF robotic arms.
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