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Model-driven Robotic System for Multi-layer Multi-pass
Welding in Steel Structures
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Abstract ; This paper presents a model-driven robotic welding system designed to overcome the limitations
in adaptive parameter control and end-to-end data continuity for multi-layer multi-pass welding of building
steel structures. In the offline planning stage, a detailed BIM model serves as the digital backbone,
where entity relationship reconstruction and semantic enrichment are applied to build a welding process
model that incorporates both geometric-topological and process-specific attributes. This enables a closed-
loop, model-driven workflow spanning from initial design to robotic execution. During welding, the
system employs an equal-area bead layout algorithm to automatically generate the welding process,
including feature identification, parameter matching, and trajectory planning. Online adaptation is
achieved through laser vision sensing, which establishes a real-time correction mechanism by aligning the
as-designed BIM model with measured point clouds. Tests on typical beam-column joints demonstrate
uniform weld appearance and high geometric fidelity, with cross-sectional area consistency exceeding
95% for most weld beads. The results confirm the system’s capability to perform high-precision welding
of non-standard components in unstructured environments, providing a viable approach toward intelligent
and digital fabrication in steel structure construction.
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Fig.1 Overall architecture of the operating system
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Fig.2 Model information extraction and
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Fig.3 Entity relationship of components, parts,

components and welds
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Fig. 4 Relationship of welding process knowledge base, model and dataset
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Fig.5 Welding process generation flow based on

welding process library
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3.2 SEBTENS BN 2
FESEBR IR T I AR S X R B IR
Z THRHEZEZMEN, Rea T K 7 Fos ik
JERRBE A P RS R . & R 1 A A A AL R
Viig BB J R S5 R AL SR | Xt A A DX el A A 2 A 2
FHE, FREUAL 3 11 i % R KR SRR A R UG 5 8
it ELR) FH 0 e B33 i I T A M 30 T 13 345 B 1)
e VSEBR JUATIE A, Bl 5 2R 45 3 a5 50 e AiF 12 1R
CRTNERSIRS B AR SURSECE NN R P e
fiE, 356 BIM B AERY 55 S A5 25 6470 B O o4
T 3o ) UG 52 B B 1 AR AR BRI B &R
Gt RS AE TE R T 10 25 0 AW 55 FE 7 1) g
ZE AH 00 25 5008 Bl S i AB e AR R 4, OF
BT oo AR AR LA 25 5 T2 S 800
SPOCR B 22 s 4 R IR T I . T2 54K
P, =f(AW,,AH,) (k=1,-,K) (1)
X, PSS b BURSER T 23500 &, 61
HE R ORI AN EE, RGN
15BN RSB 32 AR HEAL 28 AR 484,
UK SIHLARE PUA TG A2, B O 2 )2 8 Il 72
R A A, 5 BRI, SEPR IR S S R
A HCH 3 5 R AR S & CAM RS, JF
WO DE R GERFLL R AL T A = B, AT B A
W HHLAS A BERS 7 A 18 A5 42 50 iUS T iR T
— I TS, MRS R i — 80tk P s
BL BT SR A T o A, SE B A T A 1Y
A& Ak

B
[ﬁw&ﬁ
TR |

REERI | o
I

WO | o

B SH

COWoeE# | mssE

LRGeS RURERE U

B7 ETHAEAREHSEEBRNSBENNRRRE
Fig.7 Real-time perception and adaptive correction

process based on laser vision
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Table 1

weld bead width deviations

RERTEISMY S ETMLER

results of weld dimensions

Theoretical planning and actual measurement

Mig #e bk SR Bl mAR R

WRZ R R SO/ R/ AR, WM HMES wE
mm mm mm mm mm2 mm2 ’_E/%

1 1 6.55 3.27 6.54 3.20 -0.49 -0.49 97.71
2 2 480 4.47 558 4.44 3.31 2.82 84.58
2 3 480 4.47 4.58 4.11 -2.63 0.19 87.76
3 4 469 4.57 4.90 4.68 1.50 1.70 92.98
3 5 469 4.57 479 4.62 0.72 2.42 96.64
3 6 469 4.57 4.82 4.77 1.56  3.97 92.73
4 7 4.67 4.59 4.54 4.34 -1.73 2.25 91.94
4 8 4.67 4.59 4.49 437 -1.79 0.45 91.64
4 9 467 4.5 4.61 472 0.34 0.80 98.39
4 10 4.67 4.59 4.90 4.78 2.01 2.81 90.62
5 11 4.65 4.61 4.73 472 0.88 3.69 95.88
5 12 4.65 4.61 4.59 4.41 -1.21 2.48 94.36
5 13 4.65 4.61 4.27 4.43 -2.52 -0.04 88.24
5 14 4.65 4.61 4.55 4.52 -0.88 -0.92 95.91
5 15 4.65 4.61 471 475 0.92 0.00 95.72
6 16 4.64 4.62 4.41 4.72 -0.64 -0.64 97.02
6 17 4.64 4.62 4.54 4.8 0.76 0.12 96.46
6 18 4.64 4.62 4.58 4.98 1.33  1.46 93.78
6 19 4.64 4.62 4.53 494 0.96 2.41 9554
6 20 4.64 4.62 4.52 437 -1.68 0.73 92.15
6 21 4.64 4.62 449 4.8 0.53 1.26 97.52
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