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Abstract: To ensure the safe and precise collaboration between humanoid robotic arms and astronauts in the
lunar environment, this paper investigates a six-degree-of-freedom (6-DOF ) humanoid arm and proposes a
dynamic parameter identification method based on its dynamic characteristics. First, the kinematic and
dynamic models of the humanoid arm are established. For the extremely low-speed collaborative scenarios,
the dynamic model is simplified to obtain the minimal set of composite gravitational parameters and its
corresponding gravity regressor matrix. Second, the trajectory optimization objective is set to maximize the
feasible parameter space of the gravity regression matrix, with constraints incorporating the humanoid arm’s
motion limits and collision avoidance. Finally, simulations and experiments are conducted in both a simulated
lunar gravity environment and an earth gravity environment. The results show that the average percentage
error of the calculated joint torques after identification is only 5.5% in the lunar simulation and the mean

absolute error of the joint torques is significantly smaller than the average noise amplitude in the experimental
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validation. Results demonstrate that the dynamic model established by the proposed identification method can

accurately reflect the dynamic characteristics of the humanoid arm during extremely low-speed motion.

Key words: humanoid arm; lunar service robot; parameter identification; dynamics modeling
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Fig.1 Humanoid arm of Wuwei robot
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Fig.2 Link coordinate systems of humanoid arm
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Fig.4 Simulation model of humanoid arm

®2 HTABHEEIESHIZE

Table 2 Parameters of humanoid arm simulation model

FrF G/ mm Btk /kg  FFOFICE/mm
1 [0.5, 3.5, —70] 0.8 0
2 [1.5, 4.0, 5.0] 0.7 0
3 [5.5, 13, 150] 0.5 350
4 [7.5, —30, 4.5] 0.3 0
5 [3.5, 11, 100] 0.3 250
6 [2.0, 5.5, 3.0] 0.2 0
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Table 3 RMSE of joint torques
KA ORI/ (Nemm) #0738 22 /(Nemm) T 4316/ 26| 6735 SRR J19H/(Nemm) 3505 % 22 /(Nemm) - 1143 o/ %

1 618.66 32.64 5.3 4 141.64 6.79 4.8
2 608.73 39.93 6.6 5 7.27 0.46 6.4
3 147.27 4.89 3.3 6 1.91 0.13 6.9
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1 852.91 59.60 7.0 4 266.12 11.46 4.3
2 806.69 36.35 4.5 5 9.95 0.60 6.0
3 270.67 7.61 2.8 6 4.77 0.33 6.9
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Table 5 Estimated values of minimal composite gravitational parameters for humanoid arm
wANEEE ISR AL B A THE/ (Nemm ) HeAL G A T/ (N-mm )
mygla 1293.55 213.33
my gl + msogl 400.74 176.54
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(m:&+m4+m5+m(s)gllfnglyz*m:sglzx 30.32 3 065.88
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mygl. 884.03 728.13
(7n5+ms)glz+m4gly4*msg1g5 5.25 5.54
msgl.s 21.73 1.70
msgls+ mggls 41.92 0.72
ms gl 19.30 5.67
megly 26.60 2.86
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Table 6 MAE of joint torques

KA IR/ (Nem) A IEAE/(N-m) MAE/(N-m)

KA ORI/ (Nem) P30 AEAE/(N-m) MAE/(N-m)

1 3.50 0.46
2 4.04 0.49
3 0.87 0.18

0.16 4 0.89
0.27 5 0.21
0.05 6 0.16

0.17 0.07
0.19 0.05
0.16 0.04
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