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Abstract— We proposed an aerial manipulation with a wire-
suspended device for realizing a long reach manipulation at a
distance of several meters from the UAV body. The proposed
aerial platform has a winch mechanism and a wire-suspended
device instead of a rigid linked manipulator. Its working
point can be extended to 3 m away from the UAV body. In
order to suppress the swing of the wire-suspended device,
we attached four ducted fans to the wire-suspended hand
module and controlled thrust of these based on the attitude
of the suspended device measured by IMU. One application
of the proposed platform is an manipulation by using the
wire-suspended gripper. We verified effectiveness of the swing-
suppression system, that is, succeeded to stabilize the wire-
suspended gripper within a distance of 3.5m from the UAV body.
Another application is an airborne docking of two multirotors.
The wire-susupended holding bar is used as an docking point
while avoiding the effect of downwash generated by the UAV
located above. Through experiments, we verified the feasibility
of airborne docking.

I. INTRODUCTION

Multirotor small UAVs have already become a standard
platform for navigating in a three dimensional space and
its use in civil applications is rapidly growing. There are
some applications that require physical interaction with the
environment by using a robotic hand attached to the airframe
of the aerial robot, which is called “aerial manipulation” [1],
[2]. Aerial manipulation is expected to extend the range of
possible applications, in particular, for inspection and main-
tenance of infrastructures. There have been many studies on
aerial robot for manipulation [1], [2]. In most of these related
studies, a robotic gripper or manipulator was attached to the
bottom of the airframe, considering the work space under the
airframe, having the ability to pick up objects placed on the
ground. On the other hand, some studies have presented a
quadrotor unmanned aerial vehicle with a manipulator on its
side [3] or top [4], and studied on control strategy during the
physical interaction with an environment and perching [5].
We have also previously worked on a multirotor aerial robot
equipped with an upward directed hand [7], [8] or omni-
wheels [9] on top of the airframe for aerial manipulation
at high altitude. The aerial robot in [10] has a top-mounted
gripper module and a robotic manipulator mounted at the
bottom of the air-frame, so that the robot is able to achieve
precise and complex manipulation tasks at elevated altitudes.

In these aerial robots, its work point was set close to the
UAV itself. However, there are some applications that it is
necessary to set the work point away from the UAV body as
follows.
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• Avoiding the effect of downwash : The target is a light-
weight object or put unstably, the effect of the wind
generated by the propellers can not be ignored.

• Narrow places or places with many obstacles : The
target is in a very narrow region, and it is difficult to
manipulate it by the UAV near the target directly.

• Ensuring safety : For cooperating with humans or
making contact with humans, it is essential to keep a
safe distance from such targets.

One solution for these can be usage of a long manipulator.
In fact, some researches about a long reach manipulation
has been reported [6]. In our research group, in order to
increase the length of robotic arm and realize a long reach
manipulation at a distance of several meters from the UAV
body, we propose aerial manipulation using a winch mecha-
nism and a wire-suspended device, instead of a rigid linked
manipulator. In this paper, we describe two applications of
such a aerial manipulation with wire-suspended device, that
is, wire-suspended robotic hand and airborne docking.

II. MANIPULATION WITH A WIRE-SUSPENDED
ROBOTIC HAND

By attaching a robotic hand to the end of the long wire,
we can realize a long reach manipulation at a distance of
several meters away from the UAV body. We developped
a wire-suspended robotic hand with 3 m of length (Fig.1
A). Naturally, such a robotic hand shakes if we do noth-
ing and it’s difficult to use it for manipulation tasks. A
swing-suppression control of the wire-suspended device is
necessary for realizing a precise positioning of the hand
and a stable manipulation ability. We proposed a swing-
suppression control of the device by using 4 ducted fans
attached to the wire-suspended hand module. The device
constitutes of 4 ducted fans, CPU board (AAEON Up Board),
and open sourced flight controller (Pixhawk). The ducted
fans used here can generate 0.95[kg] of maximum thrust.
The flight controller is used for measuring the attitude
through IMU. The thrust of these ducted fans is controlled
based on the attitude of the suspended device mesured by
IMU, so that the swing motion can be suppressed. We
did modeling for suspended object and control simulation
to design the controller. After that, we design the swing-
suppression device and integrated with aerial platform.

The aerial flight system was consisted of multi-rotor UAV
with winch equipped on it and the swing-suppression device
with robotic hands and vision system. The winch allows to
raise or lower the suspended robotic hands changing the
distance from the UAV in range of 0 to 5m. The vision
system consists of RGB-D camera with tilt mount of it that



used for detecting the target to be picked up and estimating
the distance. Through experiments, we verified effectiveness
of the controller and possibility of realizing long reach
manipulation by adding dual-robotic grippers with vision
system. We have experimentally shown that the proposed
wire-suspended robotic hand can be used for pick and place
task.

III. AIRBORNE DOCKING WITH A WIRE-SUSPENDED
HOLDING BAR

Another application of the platform with wire-suspended
device is an airborne docking of two multirotors [11]. The
working time of the multirotor-based aerial manipulator is
generally limited due to the limited storage capacity of the
battery. This limits the robots flight time if it is intended
to work in high place or human restricted area. In such
situations, it would be more effective to transport one UAV
using the other UAV. One UAV, which is referred to as
“ transport UAV”, can be used to transport another UAV.
The second UAV can be used to do aerial manipulation and
is termed as“working UAV”. The transport UAV delivers
working UAV to the destination, and the working UAV can
detach from transport UAV to perform some task. Airborne
docking of an UAV on another one allows the retrieving of
UAV to transport it back after some task is finished.

In order to realize the airborne docking, the transport UAV
hovers in a fixed position and lowers a holding bar using
winch mechanism, so that the working UAV can avoid the ef-
fect of downwash (Fig.1 B). The working UAV performs the
positioning and stops the propeller after grasping the holding
bar. The airborne docking will finish after the transport UAV
raises the holding bar. According to our investigation results
about the wind velocity of downwash, we set the length of
wire to 5[m]. In the experiments, we verified the the proposed
concept is feasible and the airborne docking is succsessfully
achieved.

IV. DISCUSSIONS

In this paper, an aerial manipuration with a wire-suspended
device for realizing a long rearch manipulation at a distance
of several meters from the UAV body. As future works, the
positioning of the wire-suspended robotic hand with ducted
fans can be an interesting theme. This allows the robotic
hand to grasp and manipulate the object located in a crowded
place. A long rearch, precise and flexible manipulation can
be applied for various tasks such as inspection, pick and
place in transportation, and disaster response.
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