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Predictive control of workpiece assembly based on GTDBO-Perceiver

Wang Yi'"* Fu Zhichao' Cheng Jia'* Zhang Jingxuan'’
(1. College of Electrical Engineering, North China University of Science and Technology, Tangshan 063210, China;
2. Tangshan Key Laboratory of Advanced Measurement and Control Technology, Tangshan 063210, China)

Abstract: Aiming at the problems of modeling difficulty and weak model generalization ability in complex assemblies, a
position prediction method fusing the Improved Dung Beetle Algorithm (GTDBO) and Perceiver model is proposed.
First, the ideal assembly is built and the assembly features under six-dimensional perturbation are collected, and a
coupled dataset is constructed by interpolation. After that, the Perceiver model learns the nonlinear mapping
relationship between feature deviation and positional deviation and optimizes its key hyperparameters with the help of
GTDBO. The algorithm combines game-theoretic equilibrium control, adaptive angular perturbation and dynamic
foraging strategies. Experiments on the CEC2017 test set show that the algorithm outperforms the comparison
algorithms in terms of convergence speed and solution quality. Finally, the model is compared with Jacobian's method,
BP networks, SVR and the original Perceiver model in predictive control experiments on two types of artifacts. The

results show that GTDBO-Perceiver achieves MAEs of 6. 72X 10"* and 9. 96 X 10

—2

“ on the test set, respectively. Its
ability to converge the deviation to the tolerance range within a finite number of control times and to achieve a balanced
distribution of errors in defective piecewise scenarios demonstrates a good generalization capability.

Keywords: assembly position prediction; Perceiver model; hyperparameter optimization; GTDBO algorithm;
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Table 2 CEC2017 function set test results (dim=100)

PR FE bR BWO COA PIO BKA DBO GTDBO
Best 2.46X10" 2.36X10" 2. 46X 10" 1.10x 10" 2.00X10" 4.58X10’
F1 Mean 2.59X10" 2.67X10" 2.72X10" 1. 55X 10" 1. 04X 10" 1.02X10°
Std 5.65X10° 1.19X10" 1.42X10" 3.80X10" 7.26X10" 4.81X10’
Best 3.38X10° 3.05X10° 3.67X10° 2.19X10° 3.53X10° 2.63X10°
F3 Mean 3.81X10° 3.54X10° 4,46 X10° 2.98X10° 6.77X10° 4. 23X10°
Std 2.77X10" 1.53X10* 1.50X10° 6.03X10" 2.83X10° 1.38X10°
Best 8. 04 10" 8. 85X%10" 4. 87X 10" 1. 36X 10" 3.95X%10° 7.43X10*
F4 Mean 9.75X%10" 1.17X10° 7.41X10" 2. 80X10* 2.32X10" 8.89X10*
Std 7.90X10° 1.31X10" 1. 33X 10" 1. 84X 10" 1. 88X 10" 9.66X10'
Best 2.05X10° 2.06X10° 2.08X10° 1.36X10° 1.36X10° 1.15X10°
F5 Mean 2.12X10° 2.14%10° 2.21x10° 1. 61x10° 1. 71X 10° 1.34X10°
Std 2.88X10' 3.87X10' 5. 04X 10 2. 46X10° 2.07 %10 1. 22X 10°
Best 7.03X10° 7.02X10° 6. 9910 6.70X10° 6.61X10° 6.47X10*
F6 Mean 7.13X10° 7.12X10° 7.17X10° 6. 8010 6.79X10° 6.73X10*
Std 3.11X10° 4.12X10° 4.98X10° 8.65X10° 1. 27X 10’ 1.11x10"
Best 3. 64X10° 3.78X10° 3.95X10° 3.24X10° 2.34X10° 1.83X10°
F7 Mean 3. 90X 10° 4.01X10° 4.14X10° 3. 38X 10° 2.95X10° 2.74X10°
Std 7.21X10' 9.01x10' 8. 04X 10" 1. 03X 10° 2.53X10° 2. 96 X 10
Best 2.55X%10° 2.45X%10° 2.43X%10° 1. 81x10° 1. 83X 10° 1.46X10°
F8 Mean 2.60X10° 2.58X%10° 2. 64X%10° 1. 98 10° 2.10X10° 1.79X10°
Std 2.66X10" 5.33X10' 7.37X10' 1. 78X 10° 2.07 X 10° 2.16 X 10°
Best 7.43X10°* 7.22X10" 8. 8410 3.12X10" 4.29X10" 2.34X10*
F9 Mean 8.07X10" 8. 02X 10" 1. 01X 10° 4. 46 %10 7.52X10" 3.51X10*
Std 3.03X10° 3.67X10° 5.64x10° 1. 70X 10" 1. 15X 10" 1.27X10"
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Table 2 (continued)

PRAL Ef=E BWO COA PIO BKA DBO GTDBO
Best 3.10X 10" 3.15X10" 3.10X 10" 1. 63 %10 1.71x10° 1. 37X 10*

F10 Mean 3.24X%10" 3.29% 10" 3. 30X 10" 2.07X10" 2.94X10" 1. 71 X 10*
Std 5.97X10° 5.60X 10 6. 8110 3.28X10° 3.93X%10° 1. 46X 10°

Best 2.05X10° 1. 67X 10° 1. 41X 10° 3.54 %10 1. 60X 10° 7.47X10°

F11 Mean 3.74X10° 2.77X10° 2.12X10° 6. 8410 2.51X10° 2.02X10*
Std 7.65X10" 5.44X%10" 4.00X10" 3.13X10* 5.70X10" 1.73X10*

Best 1.67x10" 1. 77X 10" 6.89X10" 2.64X10" 4.01X10° 3.59X10’

F12 Mean 1.89x 10" 2.10x10" 9. 64 10" 6.22X10" 6.68X10° 1.39 X 10°
Std 1.10X10" 1.28X%10" 1.29X10" 3.66X10" 2.16X10’ 1.56 X 10°

Best 2.48%10" 3.85X10" 7.74%10° 1.91x10° 1. 71X 107 3.40X10*

F13 Mean 4.35X10" 4.99X10" 1.51x10" 1. 14X10" 3.00X10° 3.42X10°
Std 4.55%10° 4.41X10° 2.91X10° 1. 04X 10" 2.26X10° 1.17X10°

Best 3.80X 10’ 2.63X10 2.39X10 6.01X10° 3.38X10° 3.69X10°

F14 Mean 7.86X10 9.25X%10’ 7.19X 10" 3.26X10° 1. 54 X107 1. 96 X 10°
Std 2.31X10’ 4.09X 107 2.61X107 4.66X10° 8.65X10° 2.41X10°

Best 1.67X10" 1.49X10" 2.86X10° 6.00X10° 6.19X10" 2.15X10*

F15 Mean 2.30X10" 2.59X10" 5.31X10° 2.38X%10° 8. 8110’ 7.24X10*
Std 2.77X10° 4.74X10° 8.95X10° 4.39X10° 1. 30X 10° 3.83x10*

Best 1.97X10" 1.82X10" 1.30X10" 7.29X10° 7.32X10° 5.33X10°

F16 Mean 2.30X10" 2.40X10" 1. 44X10" 1.10X10" 9. 34 X10° 6.56X10°
Std 1. 50 % 10° 2. 8610’ 8.42X10° 3.94X10° 1.51x10° 8.49X10°

Best 3.58X10° 2.14X10° 1. 12X 10" 5.14X10° 7.62X%10° 4.87X10°

F17 Mean 5.87X10° 1. 22X 107 2.37X10" 1.33X10° 9.90X10° 6.45X10°
Std 3.36X10° 8.68X10° 1. 05X 10" 4.63X10° 1. 61X 10° 8. 44X10*

Best 1. 09 %10 7.02X10" 5.23X10° 6.62X10° 7.18X10° 4.49X10°

F18 Mean 2.09X10° 2. 82X 10° 1.27x10° 3.09X10° 2.43X10’ 3.50X10°
Std 7.04 X107 1.33x10° 3. 6310 1.77X10° 1. 27X 107 4.48X10°

Best 1.79X10" 1. 27X10" 1. 48X 10° 1.93X 10’ 4.46X10° 3.46X10°

F19 Mean 2.31X10" 2.60X10" 5.30X10° 2.60X10° 1. 11X 10° 4.40X10°
Std 2.55X10° 5.11X10° 1. 34X 10° 6.33X10° 2.12X10° 7.08X10°

Best 6.98X10° 6.67X10° 7.64X10° 4.79X10° 5.70X%10° 5.29X10°

F20 Mean 7.77X10° 7.80X%10° 8.09X10° 5.73X10° 7.44X10° 6.16x10°
Std 3. 24 X10° 3. 84X 10° 2.43X10° 7.02X10° 7.35X10° 6. 9410

Best 4.49%10° 4.69X10° 3.94X%10° 3.51X10° 3.73X10° 3.18X10°

F21 Mean 4.79X10° 5.09X10° 4.11X10° 4.21X10° 3.99X10° 3.55X10°
Std 1.19X10° 1. 80X 10’ 1. 04 X 10* 2.93X10° 1. 34X 10° 2.70X10°

Best 3.35X%10" 3.35X10" 3.36X10" 1. 80X 10" 2.19X 10" 1. 78 X 10*

F22 Mean 3.48X% 10" 3.51X10" 3.56X10" 2.32X%10" 3.05X10" 2.07X10*
Std 5.88X10* 8. 00X 10 6. 80X 10 2.51X10° 4.53%10° 1. 78X 10°

Best 5.68X10° 6.22X%10° 4.54%10° 4.63%10° 4.16X10° 3.89X10°

F23 Mean 6.15X10° 6.83X10° 4.71X10° 5.15X10° 4.79X10° 4.33X10°
Std 1. 68X10° 2. 75X10° 1. 32X 10’ 3. 04 X10° 2.31X10° 2. 68X 10°
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Table 2 (continued)
PRI K e R BWO COA PIO BKA DBO GTDBO
Best 8.37X10° 9.21x10° 5.54 %10 5.92X10° 5.21X%10° 4.31X10°
F24 Mean 9.37X10° 1.06 X10" 5.87X10° 6. 80X 10° 6.13X10° 5.21X10°
Std 4.13X10° 8. 46X 10* 1. 98 X 10? 8.81X10° 3.29X10° 4,76 X 10
Best 2.59X10" 2.65X10' 2.30X10° 8.47X10° 1. 68X 10° 3.41X10°
F25 Mean 2.81X10" 3.01X 10" 2.91X10" 1.34X 10" 9.36X10° 3.59X10°
Std 1. 03X 10° 1.56X10° 2.67X10° 4.17X10° 6. 75X 10° 1.28X 10
Best 4.80X 10" 1.82X10" 3.00X10" 3.07X 10 2.07X 10 1. 65X 10*
F26 Mean 5.07 X 10" 5.32X10" 4. 73X 10" 3.78 %10 2.72X10" 2.07X10*
Std 1.21X10° 2.24X10° 1. 01X 10" 5. 71X 10° 3.99X10° 3.18%10°
Best 1. 11X 10" 1. 25X 10" 5.53X10° 1. 74 X10° 4.16 X10° 3.20X10°
F27 Mean 1. 28 10" 1. 47X 10 6. 54X 10° 6.47X10° 4.69X10° 3.26X10°
Std 6.27X 10 1. 24X 10° 4.02 %10 1. 83X 10° 4. 85X 10 2. 69X 10
Best 2.62X10" 2.81X10" 2.62X10" 9.50X10° 7.17X10° 3.30X10°
F28 Mean 2. 77X 10" 3.06X10" 3.25X10" 1.72X 10" 1. 8410 3.59X10°
Std 6.52X10° 1. 47X 10° 2.44X10° 5.39X10° 6.22X10° 1.37X 10
Best 8.15X 10" 1.66X10° 2.14X10° 9.99X10° 9.36X10° 5.82X10°
F29 Mean 4.58X10° 8.55X10° 3.49X 10" 2.25X10" 1. 23X 10" 8.29X10°
Std 1. 71X10° 4.87X10° 9.15x10° 2.73X 10" 1. 60X 10° 1. 40X 10°
Best 3.58X10" 2.08X10" 4.92X10° 4.15x%10° 5.22X107 5.88X10*
F30 Mean 4.10X10" 4.24X10" 7.31x10° 7.31X10° 2.62X10° 2.96X10°
Std 2. 44X 10° 7.30X10° 1. 49X 10° 8. 00X 10° 1.52X10° 5.86 X 10°
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Fig.5 Partial function box plots
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Fig. 6 Convergence curves for algorithms
R 3 Wilcoxon B FIHIE 4R
Table 3 Results of Wilcoxon test
PR BWO COA PIO BKA DBO
F1 3.02x10 " 3.02x10 " 3.02x10 " 3.02x10 " 3.02X10 "
F3 4.38X107" 2.71x10°° 7.28X107" 7.74%X10°° 8.15X10°°
F4 3.02x107" 3.02X107" 3.02x107 " 3.02x107" 3.02X107"
F5 3.02x107" 3.02X107" 3.02x107 " 3.01Xx1077 5.46X107°
F6 3.02x107" 3.02X10°" 3.02X10" 4,51X10°* 1.15X107!
F7 3.02x107" 3.02x107" 3.02X10°" 3.69X10° " 2.62X10°°
F8 3.02x10 " 3.02x10 " 3.02x10 M 1.25X10°" 1.61X10°°
F9 3.02x10 " 3.02x10 " 3.02x10 " 8.56x10 " 2.15%X10 "
F10 3.02x107 " 3.02X10°" 3.02x10°" 1.31X10°° 1.46X107"
F11 3.02x107" 3.02X107" 3.02x107 " 5.07X107" 3.02X107"
F12 3.02Xx107 " 3.02X10°" 3.02X10" 3.02Xx107 " 3.02X10°"
F13 3.02x10" 3.02X10°" 3.02x10" 3.02Xx107 " 3.02X10 "
F14 3.02x10 " 3.02X10° " 3.02x10 " 2.51X10°" 2.61Xx10°"
F15 3.02x10 " 3.02x10 " 3.02x10 " 3.02x10 " 1.46X10° "
F16 3.02x107" 3.02X107" 3.02x107" 1.46X107" 5.07X107"
F17 3.02x107" 3.02x107" 3.02x107" 3.01Xx1077 4.50Xx107"
F18 3.02Xx10° " 3.02X10°" 3.02X10" 4.64%X107" 2.37X10°"°
F19 3.02Xx10 " 3.02X10 " 3.02x10 " 3.02X10 " 3.02X10 "
F20 6.12x10 " 6.72X10 " 8.15x10 " 3.50X10°° 2.20X10°7
F21 3.02x10 " 3.02X10° " 1.21x10° " 1.55X10°° 6.53x10°°
F22 3.02x107" 3.02X107" 3.02x107" 1.02X107° 8.99Xx107"
F23 3.02x107" 3.02x107" 3.26X1077 1.09X107" 1.07X1077
F24 3.02Xx10° " 3.02X10°" 7.09x10°° 1.78X107" 1.01Xx10°¢
F25 3.02Xx10° " 3.02X10°" 3.02x10" 3.02Xx107" 3.02X10°"
F26 3.02x10° " 3.02X10°" 3.02X10°" 3.02X107" 5.53X10°°
F27 3.02x10 " 3.02X10 " 3.02x10 " 3.02x10 " 1.96X10 "
F28 3.02x107 " 3.02X10°" 3.02x10°" 3.02x10° " 3.02x10°"
F29 3.02x107" 3.02X107" 3.02x107" 8.15x107" 3.82X107"
F30 3.02x10° " 3.02X10°" 3.02x10 " 3.02x10° " 3.02X10°"
3.2 FauldE S SCIE R 4 i fig 4
D Bl S0 5 4k 1 L) U 25 AN S8 A A2 - 1 50 0 8 O B ) o o 8 B X

1E CATIA P3 V5-6R2020 FR 55 N Hy & faj 1k 8 ie {4k A B4 2% T 4R i CTRD B, B 25, 1 8 H AR (E Fn S 22 3ok,
TOCPE 7y A A T HE A Sl 3 ok R K O R R b v A S T L 5 2 T R BB A JR S A A R L AE N RS R S R
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Table 4 Ideal assembly parameters
B E AR HARE NFE fiE 1 i 2 fiE 3 P4 i E 5 fiE 6
(8] B / mm 5 +0.5 4. 990 4. 990 5.010 5.010 4. 999 5. 001
B 22/ mm 0 +0.2 0.002 0.002 0.002 0.002 0.002 0.002
PR % (60. 210 mm,—6. 023 mm,11. 269 mm,2.87°,1.76°, —0. 92°)
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Table 5 Optimal hyperparameters and training results
ZH R 1] it 4Kk e 1] a4 EE273; 3 )R L2 E Ak R %
(A (16,64 (32,128) (2,8) (1X10",5X10°") (1X10~ ,1><1o*”)
A 48 62 2 2.41X10°° 1.37X10 °
MAE 6.19%10 *
R* 0.999 6
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Fig. 8 Fitting results for each dimension of the test
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Table 6 Comparison of predictive performance of models

SEES T4 PEM 8 FR Jacobian SVR BP Perceiver GTDBO-Perceiver
o MAE 1.96X10! 1.67X10"! 1.50X 10" 1.77X107" 6.72X10*
b 1 ,
R 0.969 0.925 0. 968 0.930 0. 986
S MAE 1.65%X10! 7.86X10* 1.58X 10" 2.04X10" 9.96X10*
H ,
R* 0.975 0.939 0.971 0. 950 0. 986
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