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Abstract—We propose a unique manipulator system for a
multirotor aerial vehicle which consists of three robotic arms
attached to a multirotor airframe providing the ability to
manipulate single or multiple objects. They also provide aid
in complex navigation tasks by doing contact based obstacle
avoidance and acting as adaptive landing gear in uneven terrain.
Combining landing gear and on-board manipulator into tne
system provides multiple task capabilities while minimizing the
necessary hardware on the vehicle.

I. INTRODUCTION

Flying vehicles can be considered one of the fastest ways
of transport, making them desirable when high reaction time
to a quickly changing situation is necessary, such as rescue
operations and disaster relief. To provide aid during an emer-
gency scenario, it is desirable to be able to land not only on
flat solid surface but also an uneven terrain. Also, UAVs with
robotic arms attached on-board are necessary when it is desired
to achieve tasks mid-air or at high elevation place which are
difficult to reach for human or ground robots.

The goal of this study is to develop a multiple manipulator
system for a UAV to inherit multiple abilities. As shown in
Fig.1, the manipulators in unison can be used to solve various
tasks, e.g. carry a single large object, carry multiple small
objects using single or dual arm, avoid dangerous obstacles
by physical contact during flight and land on a given terrain.

II. DESIGN

A hexrotor platform with DJI N3 flight controller is used as
the UAV airframe base. The system consists of three robotic
manipulators attached at equal spacing around the UAV air-
frame. With three contact points placed at 120◦, the CoG is
within the support polygon if there is no lateral displacements.
The manipulators are attached in such a way that to maximize
their workspace and can move above, below as well as the
side of the airframe (Fig.1). The manipulators are of original
design and constructed out of ABS and PLA material. Each
manipulator has 3 DoF i.e. shoulder yaw, shoulder pitch and
elbow. Serial servo motors (Robotis Dynamixel AX-18A) are
used for actuation of each joints, with feedback functionality
to read the current joint positions of individual servos.

A stereocamera (ZED mini) is attached to the bottom of the
airframe. This is used to get a point cloud of the terrain, which
is used to estimate the best possible landing pose. Additionally,
an ultrasonic distance sensor (HC-SR04) attached near each of
these gripper provides the distance information to the surface

Fig. 1. Landing on uneven surface (left) and grasping a object (right).

while landing. All the on-board processing and control is done
by a power-efficient embedded computing device (NVIDIA
Jetson TX2) mounted on the airframe.

III. EXPERIMENTS

We firstly focus on the description and experimentation of
one of the tasks the proposed aerial multi-manipulator system
is able to achieve: landing a multirotor aerial vehicle on an
uneven surface. The indoor experiments were carried out to
test the manipulator adaptability based on combined distance
sensor data from each manipulator tips. Experiments were
also done with combined depth camera and distance sensor
data by considering the landing on a completely plain surface,
a surface partial slope and a surface with different heights.
We also carried out an experiment outdoors without any rope
support for the UAV. The UAV navigation was controlled
manually from the ground station. When the landing system
was activated, the system was able to adjust to the terrain under
it and was statically stable after landing on the terrain surface
and the propellers turned off. The performed experiments
showed that estimating the surface elevations while hovering
provides to be useful when trying to find a suitable place for
landing. Based on this information, the manipulator system
automatically adjusted and assisted the landing.

IV. CONCLUSION AND FUTURE WORK

In this study, we propose a multipurpose manipulator system
for a small sized UAV. By combining the landing gears
and manipulator system the overall weight of the system
is significantly reduced, when compared with a UAV with
dynamic landing gear and manipulator system separately. The
proposed system can further be used in other applications,
significantly extending the possible applications of the UAV
such as pickup or a manipulator assisted object avoidance.


