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Control Strategies for Landing Quadcopters on Ships
with Legged Platform Based on Impedance Control
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Seonghyeon Hwang!, Seunghyeon Lee!, Seongho Jin', Inho Lee

Abstract: In this paper, we propose a legged landing platform for the quadcopter taking off and
landing in the ship environment. In the ship environment with waves and winds, the aircraft has risks
being overturned by contact impact and excessive inclination during landing on the ship. This landing
platform has four landing legs under the quadcopter for balancing and shock relief. In order to make
the quadcopter balanced on ships, the position of each end effector was controlled by PID control. And
shocks have mainly happened when quadcopter contacts the ship’s surface as well as legs move fast.
Hence, impedance control was used to cope with the shocks. The performance of the landing platform
was demonstrated by a simulation and a prototype in three sea states based on a specific size of a ship.
During landing and tracking the slope of the ship’s surface, oscillations of rotation and translation from
the shock were mitigated by the controller. As a result, it was verified that transient response and
stability got better by adding impedance control in simulation models and prototype experiments.
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[Fig. 1] Quadcopter landing platform & 2-link leg detail
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[Fig. 2] The testbed for a quadcopter landing platform
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Stiffhess 10°N/m
Damping 10° N/ (m/s)
Transition Region Width 10* m
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Critical Velocity 10° m/s
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[Table 6] PID parameter
Simulation Kp 1.1
Joint Motor Ky 0.05
Simulation Kp 0.002
Trajectory K; 0.001
Controller K, 0.001
Prototype Kp 0.7
Trajectory K; 0.05
Controller K, 0.05
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Quadcopter Weight 2.5 kef
Landing Gear Weight 2 kgf
Maximum Takeoff Weight
of Quadcopter . 5.6 kefrem
Maximum Joint Torque 65 kgf
Upper/Lower Leg Length 0.13m
Upper/Lower Leg Weight 0.25 kgf
Maximum Measurable Contact Force 45N
Body Width (Twice r) 0.25m
Inertia (Roll Axis) 0.1375 kg'm’

4.2 YA 2 Alo] A F

Au A2 Ao) 7] 9] e 32704 B3k A3} o] ¢l
0] Z i)l ¢ w, ol 23 -SH7) AR HT) daus

ute] gx12e] 7] a7 S 918 Al 7]
£719] 1/4 scale= LFEFATE 919]91 2 Ao} 7)1 S AL W= 2
Ale] 3] =(Peak) P} XE0] WS AL g1 Q)T
05
—(:02
| (04
0.45 C:06
—F—(:08
04+ N
No Imp
Eo35)
E
£ =1
2 03 ¢
0.25 A
NA——
0.2 A e
0.15 : ‘ ‘ ' ‘
0 0.2 0.4 0.6 0.8 1
Time[sec]
[Fig. 12] Drop test for each damping ratio
121
— ¢imp70ff
10t
2 et ¢imp—on
8t i ¢,sihp/4
6 1
E 4 4 4.5 5
24
=}
< 2t
ol
2 F
4t
0 2 4 6 8 10 12

[Fig.

Time[sec]

13] Impedance on/off comparison in simulation
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