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Wang Peidong  Wang Tianshu 2
(School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

Abstract  The operation of space robotic arms in orbit is one of the most extensively applied technologies in current
space in-orbit services. However, the significant coupling effect of position and attitude between the floating base and the
arm during operations presents new challenges for the design of control systems. To address the integrated modeling and
control problems of position and attitude in multi-rigid body systems, this paper improves the dual quaternion-based
integrated modeling and control method, making it applicable to multi-rigid body systems. This method not only
accurately describes complex mechanical relationships but also effectively manages the coupling problems of position
and attitude within a unified mathematical framework, greatly facilitating the subsequent design of integrated control
systems for position and trajectory. Initially, leveraging the hinge model, the paper establishes recursive relationships for
velocity and acceleration between the hinges and the arm in dual quaternion form. Then, using the force-torque
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transmission relationship between the hinges and the arm, a recursive form of the inverse dynamics equation is
established to ease the design and analysis of control systems. Following this, a matrix form of the integrated position and
attitude forward dynamics equation is derived. The paper then discusses the dynamics modeling issues related to
actuators, such as thrusters and control moment gyroscopes. It addresses the integrated control problems of position and
attitude for both the robotic arm and the floating base. Finally, dynamics modeling and control simulations for a
composite entity comprising a six-degree-of-freedom robotic arm and a floating base are conducted. The dynamics
simulation results confirm the correctness of the proposed dynamics modeling method, and the control simulation

demonstrates that the control system can quickly counteract the disturbance forces and torques generated by the

movement of the robotic arm on the base, proving the effectiveness and feasibility of the proposed control method.

Key words multi-rigid body dynamics, dual quaternions, integrated control, space robotic arm, floating base
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Fig. 2 The relationship between the k-th hinge and the 4-th link
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Table 3 Base inertia parameters

Parameter Value
mass 27 kg
inertia Iy = Iy = I; = 0.405 kg - m?

center of mass

dimension sy=sy=5;=03m
R4 EHINERBIRESH
Table4 VSCMG inertia parameters
Parameter Value
mass 24.66 kg
N I =0.1233 kg-m®
nertia

Ly = I; =0.082 21 kg-m?

center of mass cx=cy=c;=0

x5 HBERESY
Table 5 Arm inertia parameters

Inertia/( kg-m? )

Center of mass/m D-H parameters

Mok [l by Lo Ty T Iy | [xy.2] Lai, i,z ]
link 1 4 [0.1612, 0.1476, 0.0236, 0.0144, 0, 0] [0,-0.0300, 0.1200] [0 m,0.36 m, ~90° ,0° ]
link 2 4 [0.071,0.0251,0.0579, -0.0099, 5.04 x 1075, ~7.08 x 10°7] [3.0 x 10, 0.0590, 0.0420] [0m,0 m, 90°,0° ]
link 3 3 [0.1334,0.1257, 0.0127,-0.0117, 0, 0] [0,0.0300, 0.1300] [0 m,0.42 m, ~90° ,0° ]
link 4 2.7 [0.0452,0.013 1, 0.041 1,~0.0062, 0, 0] [0,0.0670, 0.0340] [0m,0 m, 90°,0° ]
link 5 1.7 [0.0306, 00278, 0.0057,~0.0027,~1.292 105,357 x 10°°]  [1.0x 10,0.0210,0.0760] [0 m,0.4 m, ~90°,0° ]
link 6 1.8 [0.0050, 0.003 6, 0.004 7, ~4.320 x 1077, 0, 0] [0,6.0 x 107, 4.0 x 10] [0m,0 m, 90°,0° ]
link 7 03 [0.0011,0.001 1, 1.0 x 10°%, 0, 0, 0] [0, 0, 0.0200] [0 m,0.126 m, 0°,0° ]
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