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Figure 1 (Color online) Schematic diagram of a dual-arm flying
robot.
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Figure 2 (Color online) Schematic diagram of the simulation scene.
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Table 1  Physical parameters of the flying robot in the simulation example

EAS B (kg) AR (m) MRS (kgm)
SOk 5 25 © 0 0) 1.0103 0.0893 0.0
0.0893 23148 0.0
0.0 0.0 23212
. 0.004570 0.000001 0.000002
link1 1377 - _ _
(0000023 ~0.010364 ~0.073360) 0.000001 0.004831 0.000448
0.000002 0.000448 0.001409
. 0.011088  0.000005 0
link2 1.164 . _ _
(=0.000044 —0.099580 —0.013278) 0000005 0001072  —0.000691
0 —0.000691 0.011255
. 0.010932 0 -0.000007
link3 1.164 _ _ _
(=0.000044 —0.006641 —0.117892) 0 0011127 0.000606
-0.000007 0.000606 0.001043
. 0.008147  —0.000001 0
link4 0.930 _ . _
(-0.000018  ~0.075478  ~0.015006) -0.000001  0.000631  —0.000500
0 -0.000500  0.008316
. 0.001596 0 0
link5 0.678 — _
(0.000001 —0.009432 —0.063883) 0 0.001607 0.000256
0 0.000256 0.000399
. 0.001641 0 0
link6 0.678 _ _
(0.000001 —0.045483 —0.009650) 0 0.000410  —0.000278
0 -0.000278  0.001641
. 0.000570 0.000002 0.000003
link7 0.500 _ _ _
(-0.000281 ~0.011402 ~0.031080) 0.000002 0.000352 0.000111
0.000003 0.000111 0.000609
2 HUBE I 4G < £
Table 2 Initial joint angles of the robotic arm F 3 HARLE SR
ot —r . o Table 3 Coordinates of the target position
BIENFS KM (rad)  B2XWTFE XA (rad)
Joint] 1.5708 Joint1 1.5708 S0 Hzil 52
Joint2 ~0.5236 Joint2 0.5236 x (m) 0.8972 0.0078
Joint3 0 Joint3 0 Y (m) 0.8573 0.8873
Joint4 ~2.2689 Joint4 2.2689 z (m) 2.1011 2.1011
Joint5 0 Joint5 0 a (rad) —2.3558 —1.909
Joint6 1.0472 Joint6 —-1.0472 p (rad) —0.0136 —0.0592
Joint7 0 Joint7 0 y (rad) 0.3681 -0.7903
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Figure 3 (Color online) The norms of end-effector position error (a)
and end-effector orientation error (b) for three control laws in the
simulation scenario.
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Figure 4 (Color online) Joint velocity variations of the right arm (a) and the left arm (b) under the fourth-order HDVC control law.
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Dual-arm flying robot control based on saturation in null space
and high-order correction

HUANG Honglie, WEN Hao & LIAO Can

State Key Laboratory of Mechanics and Control of Aerospace Structures, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China
*Corresponding author (email: wenhao@nuaa.edu.cn)

Research on the on-orbit operations of flying robots predominantly utilizes single-arm or dual-arm for grasping a single
object, thereby neglecting the efficiency advantages inherent in dual-arm operations. This study investigates the scenario
where a dual-arm flying robot simultaneously grasps two objects during on-orbit assembly tasks and explores constrained
motion control methodologies for such systems. First, the kinematic equations of the dual-arm flying robot in a free-
floating state are established based on the generalized Jacobian matrix method and the momentum conservation equation.
Subsequently, leveraging the coupling dynamics between the manipulators and the base, a high-precision constrained
motion control algorithm, termed HDVC-SNS, is proposed based on the high-order discretization velocity correction
(HDVC) method and the saturation in the null space (SNS) method. This strategy substantially mitigates discretization
errors of the control law and ensures the smooth operation of the robotic system by limiting joint velocities. Finally, the
HDVC-SNS algorithm is verified by multiple sets of numerical simulations.

dual-arm flying robot, dual-target capturing, high-order correction, saturation in null space
PACS: 45.20.df, 45.40.-f, 45.40.Ln, 45.50.Jf, 45.80.+r
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