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Abstract—This paper considers the development of a system to enable the in-flight-launch of one aerial system by another. The paper
will discuss how an optimal release mechanism was developed, taking into account the aerodynamics of one specific mother and child
UAV. Furthermore, it will discuss the PID-based control concept that was introduced in order to autonomously stabilize the child UAV
after being released from the mothership UAV. Finally, the paper will show how the concept of a mothership UAV + child UAV
combination could be usefully taken into advantage in the context of a search and rescue operation.

Index Terms—Unmanned Aerial Vehicles, Control, Autonomous stabilization, Search and Rescue drones, Heterogeneous systems.

1 INTRODUCTION
1.1 Problem statement

A S more and more unmanned aerial systems are enter-
ing our everyday lives, we also see more and more va-
riety in the systems that are being developed, each towards
a different application field. This variety should come as no
surprise, at is impossible to create one system that would fit
all user needs. Heterogeneous systems, all being used at the
same time are therefore the way forward. However, this also
leads to new problems in terms of interoperability and the
search for optimal collaboration strategies between all these
different systems.

In this paper, we focus on the collaborative action be-
tween two unmanned aerial systems where one acts as a
mothership / carrier / launch platform, capable of launch-
ing in-flight a smaller child system that can then be used for
close-to-ground search and rescue missions.

The in-flight-launch of one aerial system by another is
no easy problem and requires the careful consideration of
the aerodynamics and control of the two systems. Indeed,
in terms of aerodynamics and flight performance, the moth-
ership and the child UAV impose important forces and con-
straints on one another that are very different when they are
mechanically interlinked and from when they are separated
from one another. The autonomous control concept which
is implemented for this research experiment on the child
UAV needs to be able to cope with these sudden changes
in real-time at the moment of release in order to prevent a
crash.

1.2 Previous Work

In the field of collaborative Unmanned Aerial Vehicles
(UAVs), Lacroix et al. studied already in 2007 the multi-
agent decision making process between the different sys-
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tems in [1]. However, taking these concepts to practical
applications and the reality on the field has proven to be
a difficult operation, due to the complex nature of operating
multiple heterogeneous platforms simultaneously. Serrano
et al. have proposed in [2] an interoperability concept that
enables the message-passing and collaborative control for
multiple heterogeneous UAVs and applied that concept
on heterogeneous systems developed within the context
of the ICARUS project [3]. They put this interoperability
and collaboration concept in practice in [4] in a search-and-
rescue use case for the euRathlon challenge [5] where mul-
tiple heterogeneous systems (though not all airborne) were
validated in a Fukushima-like response simulation scenario.
While these operations entailed the use of heterogeneous
UAV operations, none of the systems featured an in-flight
launch capability.

The in-flight launch of one UAV by a mothership is
something which has been considered mostly for military
operations. Roberts et al. describe in [6] flight tests to deter-
mine the flight envelope and launch system configuration
for which a small (maximum gross weight of 80 Ibs), unpow-
ered UAV glider could be safely launched from the cargo
ramp of a C-130 transport aircraft. Safe separation from a C-
130 aircraft was demonstrated, as well as UAV stability for
successful wings deployment and fly-out. However, these
tests considered a manned aircraft as a mothership and only
fixed wing aircraft.

1.3 Hardware and software used

The main aim of this research work is to show the con-
cept of the autonomous in-flight launc stabilization system
on commodity hardware multi-copters, as opposed to the
heavy military sustems where in-flight launch systems have
already been shown. Therefore, we chose to work with
modest, low-cost equipment, as presented here.

The platform used for the parent UAV is a DJI Phantom
2. This ready to fly, multi-functional quad-copter is easy to
fly, offers precision flight and has stable hovering without
too much interaction. Throughout this research work, this
system remained a closed system where the only commu-
nication was done through the included controller. The DJI
Phantom 2 is a consumer product not specifically equipped



(b) Parrot AR Drone 2.0
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Fig. 1. DJI Phantom 2 and Parrot AR Drone 2.0 UAVs used as mother-
UAV and child-UAV in this research work.

to carry any load but did offer the requirements for the proof
of concept. By removing the pre-installed camera, the total
mass of the parent UAV is 1093 g. Figure la displays the
Phantom 2 without the camera attached.

The platform used for the child UAV is the Parrot AR
Drone 2.0. This UAV is mostly conceived as a toy which
makes it quite popular and affordable. This UAV has a start-
ing mass of 501 gram. By sacrificing security and durability
we are able to reduce the weight with 58 g. This however
meant that no protection hull was present during crashes,
bringing the lowest mass to 443 g. Figure 1b displays the
Parrot AR Drone 2.0 without the protective hull.

The Parrot AR Drone 2.0 is used frequently in research
since it is programmable in a ROS [7] interface, making
use of WiFi communication for input and output. A ROS-
driver is provided to create a communication channel with
the UAV. This communication driver offers a great deal
of functionalities that were used for the in-flight launch
software, such as:

¢ 3-dimensional rotation values from the X, Y & Z axis;
o magnetometer readings in three-dimensional space;

o pressure from the barometer;

e linear velocity in three-dimensional space;

e linear acceleration in three-dimensional space;

o estimated altitude;

« motor pulse width modulation values;

« forward and downward facing camera stream;

« movability through yaw, pitch and roll.

2 DESIGN OF THE RELEASE MECHANISM

As the child UAV still has a task to complete after being
launched, as much weight as possible should be left on the
parent UAV. This meant that a design was made where the
actual launch mechanism was hanging on the parent UAV.
A major issue in the design process of developing a
release mechanism on the child UAV was to prevent any
unwanted rotations due to wind etc, which would cause
system instability. Therefore, a child-UAV release mecha-
nism was designed, consisting of a base plate and a locking
mechanism, terminating in an O-ring where a hook can be
attached. Once the design was fully made it was 3D printed.
The design turned out to be 44 g. Adding the 44g to the 443g
of the child UAV made sure that the child UAV now had a
total mass of 487 g. Note that it is technically not possible
for a DJI Phantom 2 to support such a payload, therefore it
is required for the child UAV to help with lifting its own
mass pre-release by spinning its rotors. Figure 2a shows

(a) Release mechanism
child UAV

on the (b) Release mechanism on the
mother UAV

Fig. 2. Release mechanism on the child UAV.

the result of this design: a lightweight, stern and rotation
resistant component capable of carrying the child UAV.

As discussed above, the child UAV can be carried
through an o-ring. This was specifically done to create an
easy to use launch mechanism on the parent UAV. The major
difficulty on the parent-side was to include a mechanism
that can increase or decrease the distance between the parent
and child UAV. Indeed, due to turbulence effects under the
mother aircraft, it is required to release the child UAV at a
reasonable distance from the mother UAV, sufficiently away
from the turbulence zone. This so-called “downwash” area
can be modeled or experimentally measured [8]. In our
case, as we lacked the input of the necessary modelling
parameters, an experimental study was required. We there-
fore needed to experiment with difference release altitudes
(measured between the mother and child UAV) in order to
study these effects. Therefore, a winch system was devel-
oped, consisting of a PCB-controlled servo motor. Once 3D
printed, the base plate extension creates a functional winch
system as seen in Figure 2b. The parent UAV now has the
possibility to lower the UAV to any desired launch height
from a remote site. The final design of the parent UAV
release mechanism has a mass of 245g, bringing the total
mass of the parent UAV to 1338g.

3 AUTONOMOUS STABILIZATION

In order to be platform independent a new PID controller
is created that takes over the default hovering function
embedded in the used devices, taking into account the
constant turbulence by the parent UAV. Since we wanted
a platform-independent solution, we did not rely for this
on the built-in stabilization method that also makes use of
the downward facing camera. For the creation of the PID
controller, a custom package was created that subscribed to
the navigation data and odometry. In return, it could publish
to the necessary yaw, pitch and roll values, calculated as
control commands to stabilize the UAV.

In the implementation the maximum reference speed of
the UAV is limited to 0.6 which prevents it from performing
jerky movements. The velocity error is calculated by the dif-
ference of the navigation commands of yaw, pitch and roll
and the incoming odometry values. This value is assigned
to the proportional gain. The integral gain is calculated with
the previous integral gain and the proportional gain. By
using the proportional gain we are able to determine the
integral gain seen on Figure 3, based on a set limit, the
current situation of the error (new_err) and the previous



integral gain (i_term). Lastly, the derivate gain is calculated
by filtering the incoming odometry data.

def FilterVelocity(self,6 welocity):
result = 0.0

self.m_input_buffer[0] = velocity

for 1 in range(0, 30):

result += self.m_input_buffer[i] * self.m_coeffs[i]

for x in range(0, 30):
self.m_input_buffer[x] = self.m_input_buffer[x - 1]

return result

def ITermIncrease(self, i_term, new_ err, cap)ﬂ
result = 0.0
if new err < 0 and i_term > O:
result = max(0.0, i_term + 2.5 * new_err)
elif new err > 0 and i _term < 0:
result = min(0.0, i_term + 2.5 * new_err)
else:

result = i _term + new err

if i_term > cap:
result = cap

if i-term < -cap:
result = -cap

return result

Fig. 3. Calculation of the PID controller values

After a successful series of static tests (manually pushing
the UAV from its stable position, using the proposed PID-
based stabilization method to prevent a crash), in-flight
launch tests were performed, with a different separation
distance between the both UAVs: 140cm, 100cm and 60cm.

(a) UAVs before launch (b) UAVs after launch

Fig. 4. In-flight launch on the child UAV by the mother UAV.

Using a 140cm launch distance (https://youtu.be/
hvxlIrlgvgtc), the PID controller does not need to change the
yaw, pitch or roll values. Its only task is increasing the power
on all four motors to counteracting the descent. This is a
fairly easy task and the release goes therefore quite smooth.

Using a 100cm launch distance (https://youtu.be/
-HsyfGzBpow), the behaviour is in most cases similar to
the previous case (140cm). However, sometimes we observe
that the child UAV needs to compensate pre-release already
for the extra downward forces induced by the downwash
of the mother UAV. The result is that the PID controller
acquires the correct height by lifting its own weight, not
relying on the strength of the parent UAV. Once the child

UAV is released, it does not need to adjust anymore to any
turbulence anymore, just like in the previous experiments
and the release goes smooth.

Using a 60cm launch distance (https://youtu.be/
3XvplfMt6tg), the PID controller is no longer capable of
recovering the turbulence induced by the rotors of the
parent UAV and the child UAV always crashes upon re-
lease. In all of the four runs made, the release was never
possible because the parent UAV created turbulence on the
child UAV. This turbulence interfered with the spinning
propellers of the child UAV which made it move all over
the place. Because of the moment of the child UAV, the
parent UAV also started to wiggle which only increased
the movement on the child UAV, repeating this pattern
until a crash occurred. Obviously, this means that here
we have reached the limits of what was possible with the
given platforms and the proposed control and stabilization
paradigm.

4 VALIDATION OF THE CONCEPT IN A SEARCH &
RESCUE USE CASE

In order to present a meaningful use case for the validation
of the proposed system, the field of search and rescue was
chosen. This specific domain was not chosen by accident, as
the specific requirements of the search and rescue workers
[9] often demand for multiple heterogeneous robotic tools to
be deployed. Indeed, large fixed wing systems are required
to have a permanent eye in the sky and to create a map
of the area, whereas rotorcraft are generally more suited
for outdoor victim search or dropping rescue kits, whereas
small rotorcraft are excellent for indoor victim search. In this
context, we envision a search and rescue operation where a
large UAV launches a smaller one at a specific site, such that
this small UAV can go and search for victims.

A necessary requirement for using a UAV for victim
search is the capability to detect human survivors in a
totally unstructured environment. For scene analysis, using
the on-board camera, the UAV has to detect and classify
the objects seen by the camera. For this purpose a a deep
neural network is used to achieve semantic segmentation,
assigning a class label to every pixel. A deep neural network
is another form of an artificial neural network which has
shown spectacular accuracy on datasets with large feature
and solution space. Since deeper networks often have more
vanishing gradient problems and exploding gradient prob-
lems, they are harder to train than other networks.

For this application, we will use the on the ENet se-
mantic segmentation algorithm [10], which uses a deep
neural network architecture to provide real-time semantic
segmentation for self-driving vehicles. By requiring 75 times
less FLOPs and 79 less parameters it functions eighteen
times faster than existing models by early down-sampling,
nonlinear operations, changing the decoder size, regulariza-
tion and much more.

To train from a dataset a modified version of Caffe
[11] was used which supported all the necessary layers for
ENet. This requires a training and testing set where first the
encoder is trained with pre-labeled objects from the data set
[12]. After about 75 000 iterations, we noticed convergence
with a minimum of 80% training accuracy. After finishing



training the decoder, the encoder was further trained to
obtain also a 80% training accuracy.

After launching the child UAV from the parent UAV, the
ENET semantic segmentation algorithm was activated on
the images of the Parrot AR Drone 2.0 front-facing camera,
which has a resolution of 1280x720 at 30 fps. The first test,
shown on Figure 5, shows an example of how the output
on a small access road to a building to mimic the idea of a
small road in open country side.

(a) Visual image frame from the (b) ENET segmentation of the im-
child UAV age frame (red=victim)

Fig. 5. ENet’s semantic segmentation input image of a lost person on
small road in open country side.

The second experiment set can be seen on Figure 6 and
displays the detection possibilities in front of tunnels and
shows that while inside a dark tunnel, person detection
becomes less obvious.

.

(a) Visual image frame from the (b) ENET segmentation of the im-
child UAV age frame (red=victim)
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(c) Visual image frame from the (d) ENET segmentation of the im-

child UAV age frame (red=victim)

Fig. 6. ENet’s semantic segmentation output image of a lost person in
front and inside of a tunnel.

5 CONCLUSION

Within this paper, an in-flight launch concept has been
proposed for a child rotorcraft UAV by a parent rotorcraft
UAV. The solution developed not only in theory, but also
in practice, by the design of a release mechanism and a
control concept in order to stabilize the child UAV after
the launch procedure. The system was extensively validated
by multiple launch experiments, evaluating the limits of
the control concept. Furthermore, a practical use case was
elaborated where this concept could be put into practice:

search and rescue. Therefore, a deep neural network was
implemented in order to perform a semantic segmentation
of the video data of the child UAV (after being released in
a disaster area by the parent UAV), enabling autonomous
victim search operations.

It must be stressed that the objective of this research
work was to provide a proof of concept, using cheap hard-
ware. Future work will thus mainly focus on porting this
concept to more performing hardware platforms, such that
real use cases can be performed.
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