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Research on multi-target trajectory planning of robotic
arms for structured light measurement
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Abstract:To address the challenge of balancing efficiency and accuracy in measuring complex aero-engine blade surfaces, this paper
proposes a robotic-arm trajectory planning method based on an improved multi-objective grey wolf optimization algorithm (ILMOGWO).
The kinematic and dynamic models of a robotic arm-structured light hand-eye system are established, where end-effector vibration
constraints are transformed into imaging clarity constraints according to structured-light principles. A multi-objective trajectory model
minimizing total motion time and maximum vibration velocity is constructed using quintic polynomial interpolation. To enhance optimization
performance, ILMOGWO integrates Latin hypercube sampling initialization, a nonlinear convergence factor, adaptive grid-based archive
management, and Levy flight perturbation. Simulation and experimental results on a six degrees of freedom (6-DOF) industrial manipulator
verify that the proposed method achieves superior Pareto front convergence and effectively suppresses end vibration within 0. 115 mm/s.
The reconstructed blade point cloud exhibits a maximum deviation of 0. 050 9 mm and an average deviation of 0. 016 0 mm. The proposed
method can significantly improves the imaging quality of structured light and the accuracy of 3D reconstruction while ensuring measurement
efficiency, providing a feasible trajectory optimization approach for high-precision measurement of complex surfaces.
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Fig. 1 Construction of the 6-DOF manipulator model
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Table 2 Parameters of structured light equipment

e 18 S8 H
SHER 1280(H)x1024(V) | RITRSE 5.2 pmx5.2 pm

fEIE 20 mm E(EET e 400 mm

752 30 pm KT 2.78 kg
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Table 3 Joint constraints of robotic arm

KA MEAR () BB/ (0T BRI/ (°-s7)
1 -170~170 60 45
2 -135~80 60 40
3 -160~100 60 75
4 -180~180 180 70
5 -125~125 120 90
6 -360~360 180 80
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Fig.5 The hammering test measures the mode
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Table 4 Stiffness and damping of robotic arm joints

X FATRIE M/ (Nom™) LIVEES
1 51 182.24 81. 16
2 75 627.79 660. 20
3 39 795.53 52.95
4 33 217.32 97. 00
5 5910.61 2.78
6 898. 82 0.78
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Fig. 6 Images at different exposure times
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Fig. 7 Information entropy curve graph
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Table S The joint sequence of the detection viewpoint

*)
KT i 1 2 3 4 5 6
a1 -446  -26.1 -12.3 -44.2  36.0 -25.0
M2 -32.9  -40.1 3.5 -23.9 481 -15.8
ME3 -22.8  -34.1 18.1 -23.9 359 -0.4
M 4 27.3  -31.6 18.1 -5.5 51.6 54.7
M5 38.3  -29.9 -0.5 2.0  51.6 50.9

4.2 {FERIIHE

KT B RAE IIMOGWO 3k Hh 4% 10 e ik 5% W 11
AR AT Tk RS . AR ME MOGWO
FLhb A AL 2 B bR T8 57 8 W) iR 4k ( MOGWO +
LHS) AR 8 K F ( MOGWO + NonlinearA ) |, B 1&
RARAY 22 B MOGWO+Grid) Levy KATHEEI (MOGWO
+Levy) 3t 4 41 ; BUAME AR ME MOGWO 5 9F 3¢ it HE P %
f& B 3% 11 ( nondominated sorting genetic algorithm 11,
NSGA-ID) fE R AR I Lt B 15 8 il (9 2 H bR IR 5.
ARG V=100, Bk QAR iter_max =50, AE Ltk
WS F a,,, =2, SR T3 0 6 k=4, A& 1) 535
d=7 R K/NA_size=40, FHFR 0.5 s, LI FRN
20 s, KITS B u,v RNIEESEHIBENLAE R B =1.5,
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6 A T ATE 30 ML SE R P S ME, PR AR
PRALFE B (hypervolume , HV) 7 & 0 2GRV 55
g S ) tHACEE S (inverted generational distance, IGD)
i e AR BRAR AR R RS . 5 T, 1541 ILMOGWO
SRS AN BRI, & 8 TR,

&6 BEEXITHIER

Table 6 Evaluation indicators of each algorithm

Bk HV 6D J/(s)  J/(mm-sT")
NSGA-II 0.801  0.041  15.90 0.122
MOGWO 0.752  0.052  15.48 0.128

MOGWO-+LHS 0.811  0.043  14.93 0.122
MOGWO+NonlinearA  0.828  0.040  15.01 0.119
MOGWO+Grid 0.793  0.049  15.25 0.126
MOGWO+Levy 0.820 0.042  14.83 0.121
ILMOGWO 0.857  0.036  14.69 0.115

H 2 6 ATAS AER I — I i i e, S MR RS A
FFEEEHETE, A LHS #liRfb)s , HV $£F+25 7.8% , &
AT G e 1) 350 ) M 0 S it s I A B ZR MR SR 7 )
IGD F#(IRZ 0. 040, 82 R IR R 2 J5 WS 2h
AT 0 5 A 35 R AR RS 52 S, A SRR 43 A BE 3
SJ(HV ETF 5220 | il S5 58 5L Levy &
Trishis , it — 20 BEAR R 3 B UL B AR, HY 2

T 0.51

0.12r = ILMOGHO
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Fig. 8 Pareto solution set for multi-objective trajectory

planning
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Fig.9 Joint trajectory optimization diagram of the manipulator
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Fig. 13 Three-dimensional reconstruction results
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Table 7 Deviation analysis results (mm)
ik KWz FHmE FrfEZ  BrmRiRE
KA T 0.1026 0.024 0 0.010 1 0.025 7
R RS 0.050 9 0.016 0 0. 006 7 0.017 2
5 4 e

BEXTHUBE 5 4000 5 25408 RGEHEA TR & I R ki
I R A0 A 2 A I A R [ 1 A T i ) R, A
FEHE T —Fh I et 22 B AR RAR A7 1 50 B Kl
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1B 82 58 )R e R S R Bl 29 R Ak Sk BRSO B
FELAH, A E LB 17 s 18] 5 A s e K AR sl B2 A B A
Wz HAs B BEAL, $2 8 7 Rl G 4 00 o JE R w1
ILMOGWO F53 , XF L 5250 26 W | 12 5 1 A8 SR i AR SC BT ik
B Rk BT 78 3E S FL AR 4R B AR TARIE MOGWO K
NSGA-IT %5 22 85k 38 o B AL PRl 2, 50 UF 1 F
FRIN B B8 AT 2K A v P 2h T80 B0 7€ 0. 115 6 mm/s
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