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Trajectory tracking control optimization and collaborative
evaluation of an excavator robots

Fan Houlu,He Xiangyu, Wu Zhuoyu, Yang Zihan,Cai Shiao
(College of Mechanical and Vehicle Engineering, Changsha University of Science and Technology, Changsha 410004, China)

Abstract: To investigate the energy-efficiency collaborative optimization mechanism of excavator robots under typical operating
conditions, this paper establishes a co-simulation platform integrating the mechanical system, hydraulic system and trajectory tracking
control system of excavator robots for three typical working conditions. Quintic polynomial interpolation is used for trajectory planning,
and fuzzy PID (F-PID) is adopted for controller design. Based on the principle of trajectory tracking, a distributed hydraulic power unit
drive circuit is proposed. Meanwhile, an integrated synergistic optimized particle swarm optimization (ISO-PSO) algorithm is proposed
to optimize the parameters of the F-PID controller, and a multi-index collaborative evaluation model is further established to evaluate the
performance of control strategies. Simulation results indicate that the comprehensive multi-index values of the lower boom, upper boom,
arm and bucket optimized by the ISO-PSO algorithm are significantly decreased under all three working conditions. Taking WC-I as an
example, compared with the conventional proportional-integral-derivative (PID) , F-PID, and PSO-optimized F-PID, the average multi-
index comprehensive values based on ISO-PSO-optimized F-PID are reduced by 63% , 54% , and 30% for the lower boom, respectively;
63% , 56% , and 38% for the upper boom, respectively; 64% , 56% , and 30% for the stick, respectively; and 41% , 34% , and 12%
for the bucket, respectively. Finally, an experimental verification system for trajectory tracking control of excavator robots is constructed
based on electromechanical - hydraulic integrated modeling and the co-simulation platform, demonstrating the feasibility of the proposed
system.
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Fig. 1 Mechanical structure of excavator robot
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Fig.2  Schematic of hydraulic system for excavator robot
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Fig.3 Coordinate system of excavator robot
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Fig. 4 Schematic diagrams of WC-1 WC-1I \WC-1Il
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system schematic
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Tl 0.192 0 4.951 5.455  0.912
[ h 0. 181 0 5.001  5.129  1.243
| FF 0.178 0 4.876  5.164 1.154
i 0. 194 0 5.101 5.252  0.922

%5 ISO-PSO Hixfhlk WC-IZWWEFALBIEFSEF
Table 5 Quantization and scaling factor parameters for
WC-I optimized using ISO-PSO

R AR HHILHE T Lo 451 R 7
Pl % K, K, Ky, Ky Ky
Tl 0.502 0 21.522  15.140  1.413
B 0.511 0 22,117 15.010  1.378
AT 0.471 0 21.341  14.811  1.411
i 0. 489 0 20.011  14.796  1.401
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Fig. 6 MATLAB trajectory planning and motion modeling overview
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Table 6 Statistical table of average displacement

tracking error for each hydraulic cylinder under WC-I

(mm)

WAL PID F-PID PSO-F-PID  ISO-PSO-F-PID
Tahi  3.4343 2.5473 1.2359 0.5452
L#E 3.0251 2.388 1 1.4339 0.499 9
A 2.9159 2.121'5 0.914 4 0.350 2
B3 1,206 4 0. 966 4 0.4422 0.194 2
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®7 THENTEHSERESRES, HitR
Table 7 Statistics of the average multi-index comprehensive

value f, for the lower boom

®9 IFHNFHSERESHES, Ktk
Table 9 Statistics of the average multi-index comprehensive
value f, for the stick

T PID F-PID PSO-F-PID  ISO-PSO-F-PID TH PID F-PID PSO-F-PID  ISO-PSO-F-PID
WC- I 0.137 17 0.110 9 0.072 2 0.050 9 WeC- 1 0.1222 0.099 0 0.062 7 0.044 0
wWC-1I 0.137 1 0.1125 0. 069 2 0.050 8 WC-1I 0.091 7 0.079 5 0.059 9 0.046 7
we-I 0.107 7 0.095 8 0.065 1 0.054 4 wce-I 0.116 5 0.092 0 0.063 1 0.045 6

*8 LtHBERNFEHSERESHES Ktk
Table 8 Statistics of the average multi-index comprehensive

Value f, for the upper boom

F10 FINEHSEREEHES, HitE
Table 10 Statistics of the average multi-index comprehensive
value f, for the bucket

T PID F-PID PSO-F-PID  ISO-PSO-F-PID T PID F-PID PSO-F-PID  ISO-PSO-F-PID
we- I 0.121 4 0.101 8 0.073 1 0.0450 We- I 0.070 9 0.063 4 0.048 0 0.042 1
WwC-1I 0.077 8 0.065 5 0.051 9 0.040 7 wWC-1I 0.067 4 0. 059 4 0.047 8 0.040 7
WC-1I 0.048 2 0.048 5 0.048 3 0.048 5 WC-1I 0.062 1 0.057 6 0.047 4 0.041 1
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Table 12 Statistics of average hydraulic cylinder

displacement error under WC-I
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Table 13 Statistics of average hydraulic cylinder

displacement error under WC- II
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