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Fixed-time adaptive optimal control of robotic arm considering time-
varying asymmetric output constraints

LIU Le!, MENG De-yu, CHANG Liu-jie, FANG Yi-ming

(Key Laboratory of Intelligent Rehabilitation and Neuromodulation of Hebei Province, Yanshan University,
Qinhuangdao 066004, China)

Abstract: To solve the position tracking control problem for a class of manipulator systems with modeling errors,
external disturbances, and time-varying asymmetric output constraints, a fixed-time backstepping adaptive optimal
control method is proposed. Firstly, a fixed-time disturbance observer is designed to quickly and accurately estimate the
modeling errors and external disturbances of the robotic arm system. Secondly, the fixed-time controller design
considering the output constraints is accomplished by combining the backstepping method, a new obstacle Lyapunov
function, and a rolling adaptive law, while the command filter and the switching function are used to solve the
“differential explosion” and “the singularity of the virtual control quantity” in the controller derivation process. Then,
the improved northern goshawk (ING) algorithm is used to optimally tune the control parameters of the robotic arm
system to further improve the convergence speed and steady-state accuracy of the system. The theoretical analysis
shows that the tracking error of the system can converge to a small neighborhood close to zero in a fixed time, and
always satisfy the output constraints. Finally, the effectiveness of the proposed method is verified by a comparative
simulation study of the PUMA 560 robotic arm.

Keywords: robotic arm; fixed-time; time-varying asymmetric output constraints; backstepping adaptive control;
fixed-time observer; improved northern goshawk algorithm
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BT HR 25 R I AR AR FR i 24 SRR [ e () IS
A AR A2 i) 5 i 5 STk [13] B 7 323047405 06 EL AT
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=1 PUMAS60 BB X HHEBESH

n Pifkg F/m #HiE/(kgm’) HH/Q BE/L i RE RBRHK
1 443 0675 013000 50 20 L5 0.05
2333 0260  0.06600 3.0 15 1.2 0.03
3 348  0.680  0.08600 4.0 18 13 0.04
4 082 0035 000280 2.0 10 1.0 0.02
5 034 0035  0.00130 1.0 8 0.8 0.01
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U AR ZH N iR: £ = 0.0001, A\, =
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PR 6 AT I HHER B, W R B
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0.5 cos(t+m/3) — cos(0.5t+7/3), Dss=0.5sin(t+
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Ny, < 215 < Ay, — Mg < 216 < A -

R4 PUMAS60 BY AL AR 1) T AE 25 1), 4 ALk
T AT ERER R ZE I 2 R A BRIE B
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Ay, =0.14 0.3 Ay, =0.2 + 0.3e 701
A, =02+ 1,460 0 Ay =0.2 + 1.3e70%%
Ay, =0.2 4+ 0.3 Ay =0.140.3e 0",
Ay, =0.3 + 1,460 0 Ay =0.2 4 1.3e(0%,
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38.00, K, =33.58, K, = 17.40, K., =12.34,
ky =9.53, ky, = 17.12, ky = 22.71.
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