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Optimization of Laser Tracker Positions in Aircraft Assembly Processes
under Digital Twin Environments
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Abstract: In order to solve the position optimization problems of laser trackers in guided assembly
or off-shelf inspection, a Q-learning-based improved particle swarm optimization under digital twin
environments was proposed herein. Firstly, a spatial position constraint model of the laser trackers
and the digital twin scenario of the assembly shop element simulation were established. Secondly, a
Markov decision model was constructed to dynamically adjust the target weight parameters. Finally,
using pass-through rate of the laser tracker locations as evaluation benchmark, the algorithm was vali-
dated based on the digital twin environment and compared with other algorithms., which show that the
algorithm has a better effectsiveness in optimizing the laser tracker locations and pass-through rate.
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Fig.2 A framework for the study of laser tracker position optimization for aircraft assembly in a digital

twin environment
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K QIPSO 532 43 51 %t B 65 R R £ 380 R
SEFASCHEAT 07 PG A I AR TBURE IO %) G T 5 A e ¢
SRR 5 PR, MERAE B H OB ER AL
ATRG I 3 26 A [ A, SHLE L R EE R 6.33
m, 55 RN 96.3% . n B LAk B I B E % A
J5i» 2 B HOE BRER ORI ] 27 A4S [ a5, S AL
B BEE 9 6.529 m Fl 6.380 m, M
6 AL AR AR 2 I CE Y 2 B O R ER AL
(7 B 43 5 A (9.18 m, —2.48 m,0).,(8.73 m,
0.49 m,0),2 HHOCHRE AL 29 A i, &
B 5, 0K 8a. AL)E .2 A OB IR AL
B A A v 7 B (6.25 m, — 1.9 m.0),(6.05 m,
2.03 m,0) AR LA 46 4, FHA RECH 18,
VLR 8b, SRk ARALIG L BOG BR EEAH 45 H S B S
AWM ERE.

Tab.6 Reachability of laser tracker before and after

QIPSO algorithm optimization

o EE?:%1S§ 1 EE?,%{S( 1 EE\E%@‘{ 2 EE‘E,%N 2
e Ak i Ak e Ak i Ak )5
1 #ER 015 | HikR 165 | HlfR 01 %
2 AR 025 | HikR 055 | AR 02 5
3 AR 03 5 | AR 035 | 4R 03 &
4 b5 04 5 AR 04 & #ER 04 5
5 #kR 05 5 AR 06 5
6 AR 06 5 AR 07 5
7 045 07 % | HibR 01 % | MR 01 5
8 bR 02 5 Hidr 01 & itk 02 5
9 HidR 03 5 HibR 03 5 | HibR 035 | HifR 03 5

10 | Hbkr 05 %

Hitk 05 5

iR 04 5

iR 04 5

11 | Hbhr 06 5

Hibr 06 5

itk 06 5

HitR 06 5

12 | Hukr 07 5

ik 07 5

Hhr 07 5

HibR 07 5

13 | Huhr 08 %5

Hubr 08 5

AR 08

HpR 08

HitR 09 5

iR 09 5

iR 09 5

15 | Hbhr 10 %5

Hitr 10 5

HitR 10 5

16 | Hbks 12 %

Hikr 11 5

AR 11 %5

HhR 12 %5

HitR 13 5

bR 13 5

iR 13 5

Hitr 14 5

Hitr 14 5

Hitr 14 5

19 | Hbbr 15 %5

ity 15 5

bR 15 5

HitR 15 5

20 | HiAR 17 5

Hitw 16 5

AR 17 5

bR 17 5

21 | bty 18 %%

Hitr 18 5

iR 18 5

Hitr 19 5

iR 19 5

HitR 19 5

Hibr 20 5

Hiki 20 5

itk 20 5

(o) S ARAL G P & R G
Bs HUMBEMESER

Fig.8 Overlap before and after optimizationt
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Tab.5 Experimental data table

SR AX S LRSS 5 # /m iR/ %
1 26 6.330 96.3
2 27 6.529.6.380 100.0

&9 R T AR IO IR R AU B 2 AN A E
A e . ACEE AR AL R B Q 2 S R R FIH)
FABLHIAE B 25 BR85 ob (4 VR L BV RE AE AN [8] By B i
b R PR 2 AN BE R B 4 R B T A AR
i ARV B A SR T de A [ bl 84
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Fig.9 Evolution process of objective weight parameters

3.3 HEX SN

i — LB UE QIPSO Bk 09 P he . R JH it
A% (GA) L Q % ) it 3 45 51 (QIGAD hr
TREPSO) Bk KL 7 BE (GA-PSOY B i 5
ARSCTTE AT SR oy . Horp Sk i b i
Bk K 9 100, 28 XHER POy 0.8 B SR P,
7 0.05, [RIREE T 27 AT E bR i AR
FAREIREE BT 10 YA E 5 R EEIE RO F 2
RE I BE R AR A i B s sk 7 s . LR
O R B ASCRS 0 KR4 o, QTIPSO 1 F 446 [ 5 1 fi
2 (26 4> JHEES SRR /N (6,330 m) 52 OB
S ASCRSE I K dh v BT AT A B 0 0 A 0 8
B R EK L H QIPSO fEFE By B AL T H A5 1% .
i 7 I R BOG IR B2 U, QTIPSO Rk
110 W5 15 32 1 F- 22 46 I [ 7w fe %2, HOG R
AN I A BE RS SRR AN IR AE B BV A
2 B OB ERER AL, QIPSO 533k 76 #E B BRI 1= 1
(U N
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Tab.7 After optimization data of 5 algorithms

W | USRI i /m BAR/ %
1 22 6.069 81.5
GA
2 27 8.745.7.777 100.0
1 23 6.424 85.2
QIGA
2 27 8.053,6.665 100.0
1 24 6.541 88.9
PSO
2 27 6.842,6.597 100.0
1 24 6.458 88.9
GA-PSO
2 27 7.152,6.292 100.0
1 26 6.330 96.3
QIPSO
2 27 6.529,6.380 100.0

WE 10 FiR, QIPSO 1 2 4 0% IR AL
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Fig.10 Comparison of fitness convergence
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