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Cable Suspended Aerial Manipulation System Capable of Tilting Operations

Al Hfo ! gl=cl! o]l ZiDal
olmE’, BiE', o|&Y', R4Y7I', 47E

Jaesoon Lee', Wooyong Park', Junyoung Lee', Byeonggi Yu', and Murim Kim'#

KEYWORDS: Aerial manipulation (2% ZZtA|AH!), Drone (=

=5 (Human-Centered Robotics R&D Division, Korea Institute of Robotics and Technology Convergence)

# Corresponding Author / E-mail: mulimkim@kiro.re.kr, TEL: +82-54-240-2531
ORCID: 0000-0001-5420-9705

2), Optimal control (%|ZA|0{), Redundant manipulator (HRXIRE 22

This paper presents a tiltable cable-suspended aerial manipulation (SAM) system designed to improve the ultility of aerial
manipulators in industrial settings. Although drone-robot arm systems have shown promise, suspended configurations
encounter notable stability challenges, particularly during inclined operations. To tackle these challenges, we performed
simulation-based analyses focusing on the system's kinematics, dynamic response, and thrust requirements under tilted
conditions. We utilized Monte Carlo sampling and forward kinematics to assess the workspace and manipulability. The
findings indicated that each propeller needs to generate over 32 N of thrust to maintain stable control. Additionally,
simulation experiments showed that the system can uphold its attitude and execute end-effector motions effectively, even in
the presence of disturbances. This study establishes a foundational verification step toward developing a physical SAM
system capable of safe and robust operation in inclined scenarios.
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Fig. 1 Examples of aerial manipulation systems [1] (Adapted from
Ref. 1 on the basis of OA)

Propeller Collision with
Structure Before Contact

Fig. 2 Example of propeller collision with structure before contact
in the SAM system
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Fig. 3 SAM system configuration. (a) is a drone-type aerial platform,
(b) is a 7-degree-of-freedom robot arm

WAB] §13k AT o] SAM AlzEle dubdel SEuh
t=A Aleleol miEd dagol7] whiel HXIE R e |
ofelf 2w, 71 €19 3]d a9l =, 1A, a9 222 7
AFERE sk flok wEba o] AAER 10719 AHGEE
7r= A|2~Elo] =)

o] AlAg]) 52 PfsiA

steh. 9] B2kl et w42 WHE Hole S o o

rr
Bl
o2
o
)
=2
=
et
i
1
o
i)
fo

jins
ok
o
o
S
1
o o
=
-
X g
N
-
ok
1o
]
ok
)
=
™
>
lo
>
o

Ti(q) = TRT7()T;
1 B v 6 ¢ 6 7 M
= TBA.,/(CI.,/)AH(CIH)A,,)(%)Al(‘]l)---A7(617)TE,

71N Ty(g) & 27] Z@|e] HatAol digt wete] ZaQ)
H3EAe] Wt gi= o] AAFle] Avtshe HarAo| of
F g5 WEolth 2 WSEL, 35 SUB T *(w-
T (O-E(HRE 2RI ANA) WA (g)RE i wA
(g7HAOIEk. Ty 3k T & 2H2h 3 olF Hrit 9 Wghy
Holth. A(qye UM P2 =Y 7ke) Fx Megolct.

o] WS 7|¥ko 2 3o, Monte Carlo Hvb‘g% 223051}, o] ub
HollA ARgH W dlo]E 2] 7= 200,0007§= 3}t o]
Alof| ghgrl= TEEe HeY 914 H“EiL Table 10 “g2]=|o]

3lck. o] Tableo] 4] peR3 L o13] wlE|E oju]git}, o] XA
23] 3% EWES IR FHlo] w2l 35 ERES
27h 1 BAB0 WA o WskeA AT Hast
At

Fig. 4ol 23287 1sials weof 253t

F& TS ol Hiet 0

% gt
oh 54N W2 el, T SRS TesAL



March 2026 / 277

Table 1 Kinematic parameters of aerial manipulation system

Range of motion

Joint [degree] Position vector [mm]
qy +20
qe +20
a4y +20
aQ py=[-92.05,221.9, -237.5]
qQ ps =10, -109.27, -221.47]
Qs =10, -83.2,-373.02]
Qs +175 ps=10, 115.61, -76.94]
qs =0, 73.68, -265.54]
Qs 5
q ‘ [0 -67.54, -166.04]
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Fig. 4 Workspace and manipulability measure values. (a) considering
only the robot arm, (b) considering both the robot arm and
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the aerial platform
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Fig. 5 Comparison of system configuration. (a) Robot arm only, (b)
Robot arm mounted on aerial platform
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Fig. 7 A simulation configuration of 2D tilting SAM model. 1y, b,
my, m, are described as crane (red line), winch cable (blue
line), hook (black circle), platform (black rectangle) respectively.
The platform was tilted at an angle of -20 degrees
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Table 2 Parameter and gain of simulation

Parameter Value
my [kg] 18.5
m; [kg] 77.0
I; [m] 6.0
L, [m] 22
Gain Value
D diag([100, 100, 100, 100, 100, 100])
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Fig. 8 A simulation result of oscillation damping control. (a) Plot of
individual thrust data. At 1.7 seconds, f; (magenta line)
shows a peak thrust input with 34.39 N, (b) Plots of ¢, and 6
angle of system
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Fig. 9 A model configuration for simulation. The controlled lengths of
winch cables are represented by /,, b, /5
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Fig. 10 Platform attitude results from experiment 1. The blue solid
line is the platform’s attitude under propulsion-based control, and
the dotted red line is the uncontrolled attitude data
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Fig. 11 A Plot of U = [u,... ug]” during experiment 1. The thrust
variation at the beginning results from the initial condition
of the simulation, and the controller then generates thrust
inputs for oscillation damping under the disturbance
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position trajectories for the square motion
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Fig. 12 Generation and results of the end-effector's square motion
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Fig. 13 Inverse kinematics results for the end-effector's square
motion using CLIK
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