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Abstract

With the development of intelligent manufacturing, virtual simulation technology provides an effi-
cient visual solution for workshop layout optimization and production scheduling. Taking the ultra-
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precision joint bearing workshop as the research object, this paper develops a virtual simulation
system integrating scheduling and layout optimization functions based on the Unity3D engine. By
integrating the genetic algorithm, the standard NSGA-II algorithm and its improved algorithms, the
system is capable of achieving dynamic scheduling and real-time layout optimization based on the
actual operation data of the workshop. The system adopts a three-layer architecture of “modeling -
algorithm - interaction”: the modeling layer constructs refined equipment models through Solid-
Works and conducts lightweight processing in combination with 3ds Max; the algorithm layer inte-
grates the SLP-GA hybrid layout optimization model and optimization algorithms such as NSGA-II to
realize multi-objective optimization of workshop layout and production scheduling; the interaction
layer develops functional modules using UGUI and C# scripts, supporting layout reconstruction,
production process simulation and scene roaming. Through the verification of workshop examples,
the system successfully realizes the visual verification of the scheduling scheme and the three-di-
mensional display of the layout optimization results, significantly improving the workshop logistics
efficiency and production synergy. The research results provide a technical path for the intelligent
upgrading of discrete manufacturing workshops and possess both theoretical value and practical
significance.
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Figure 1. Functional module structure of simulation system
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Table 2. Simulation system functional module description
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Figure 2. Camera position settings
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Figure 3. Lighting settings
3. ATARRE

£ Unity3D JE4¢5| 5, JUATRBEY A — N RRURHE AT RE 75 20T AN B80T 734> = A 1l Refihiid s

DOI: 10.12677/mo0s.2025.146495 260 5 1 A


https://doi.org/10.12677/mos.2025.146495

eSS

BEAh, BB (A A S, R R R AL h B AN, (A AR SR a5 ), X L )
SRR A, FR AT LA T SENL -

NPT RS, RO R IR EN, SRz AR R . [ 3ds Max (1) MultiRes
i el DB R P A, DR PR Bt R AN R AR B, PR eV e R S SRR AL B
A o DARIAL B, I BRI 4 P, B RLHT ) 2101 A 08 118,417, TG 0 58,435,
&4k 5 I 2 T 8O 76,417, TRABCAN 37,129, k)5 RIS B R RALET IR 64%, 1ET 2107 5
TR AERE,  KIEFEAS T )5 H Unity3D FFR P& AR AL &

[+] (81 ] 35 | (464 ]

s 0

(@) BRI (b) Bk

Figure 4. Model surface reduction optimization effect
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Figure 5. Spherical plain bearing model construction process
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Table 3. User data format table
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Figure 6. Simulation database design
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Table 4. Controls and instructions used in the system
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Figure 7. Simulation system user login interface
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Figure 8. Comparison of user passwords before and after encryption
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Figure 9. Virtual simulation system selection main interface
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Figure 10. View input control flow chart
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Figure 11. Automatic roaming keyframe timeline
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Figure 12. Manual navigation interface
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Figure 13. Scheduling decision function interface
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Figure 15. Scheduling Gantt chart

15. FEEHEE

4 Solve

FHABREFAARG-RERR

—APHA
WMARESHER
FARESBRT v
WAIHIZER
MITZEBR1 Vv
EF AR R RES

B/Memakespan

L4
L)

LURHER) vV
WABRKERRE
40

dt
2

FEEsR

PNSGA-TIHZNRWEFIA:

s0s0{ @
46,625
46.600
46575

=

S 50 |

46525

BEEHBE
((Paretont | (B

R

(mawsort ) (an)

Figure 16. Pateto solution graph

16. Pateto fZEE[E

24 Solve

RHABEFARZRS-RERR

—Ar@A
WMARESHELR

BAIHIZES

R B AR R
v

WARKIERRK

|

[F=man

WRGSIAE:
Makespan co2

ZMNSGA-TINRIRMEAFIA:

Paretof gk

it HReE

Coeeen ) 65 ([

£EFURHR

Figure 17. Convergence curve graph
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Figure 18. Assembly machine production task scheduling data
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Figure 20. Production simulation clip at t = 241 seconds
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Figure 21. t = 1281 seconds, all processes completed
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Figure 22. Workshop and functional area parameter settings
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Figure 25. Example of operation results
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Table 6. Comparison of logistics costs and non-logistics relationship values of various schemes
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