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Teaching-Free Welding Method for Intersecting Lines Based on RANSAC and ICP Point Cloud
Optimization Algorithm
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[ABSTRACT] In response to the challenges about the low efficiency of welding in the aerospace field, particularly the
complex intersection line welding, this paper proposes a teaching-free autonomous welding method for robots based on an
optimized RANSAC and ICP point cloud algorithm for intersecting lines. First, based on the intersecting line theoretical
model, the point cloud data of the collected workpiece is preprocessed. The optimized RANSAC algorithm is then used to
select a set number of points as sample points to fit a surface, calculating the distance from all data points to the cylinder.
Points that fall on the fitted surface are selected according to a preset threshold, and a new cylindrical surface equation is
fitted using the selected points. Next, the ICP algorithm iteratively searches for the closest point pairs between two point
clouds, calculating the optimal rigid transformation to align the source point cloud with the target point cloud in the target

coordinate system. Finally, experimental results validate the proposed teaching-free autonomous welding method for
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complex spatial curves, using the optimized RANSAC and ICP point cloud optimization algorithms.

Keywords: Robotic welding; Automatic programming; Visual sensing; Space intersecting lines; Intersection line welding
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Fig.9 Schematic diagram of swing trajectory

106 Wiz hEEAR - 20254E 55684 552010

D7 A TAIHLRAE 5 FpLEs A8, i 10 (a) Fis,
AR AL PR —FE R . S BT R 1R
FIE 10 (b) FraRbLEs Nz sh#lth4k .
4.2 ELFRXIE

L () AR R AR R B 2 Al Co A B 2, A5 42 5 =K
Sy — TR KRB, O KRG AR AR AR BT AR B 1 S 8K
k1 Fn. Hrprik % OK Autrod 309LSi 43 5% 4
EASB A A 7=, X S b i B A SR 28 T
BN NES SR, RIS B AL TERL, BN
0.9 mm [RRLZTE SRR B LI 65~220 A, 35 22
9 3.5~18.0 m/min, & 11 s T ARG ARG A9 T
. FTLAE Y AR B R B i RS, EARE AR S H
R BB — A AT
4.3 IREXTLE

H T, MR E 28 25 i) i 2 R AR i B IO ik 32
TN T H A AROCIRAEIREEWIR . Hoh HLER AR
1) IR TR BN T AR ISR FERT K 5 A L
Z R AR ERRCRASR) T BE R 2R S
FRLTHI , M R R B Y JE 1 50 A S B E , (H 3 3 T
ORI A % T BRI AR N 2, R
RO T A SR 7k

SRy 55 TE BT B A A O K AL A N R R Y
IR B G AR SRR T . TR Az A
TARAE A8 B R L B SR SRR 5 2 i B A B

(a) R
B 10 FH=FE

Fig.10 Scene simulation

(b) izshLik ik

®1 BESY
Table 1 Welding parameters
S8 TROAI LI | R BT A
JRHEF /A 180 180
F1E#E/ (cm/min) 16 19
25 B /mm 3 3
TR/ Hz 1.5 1.5
E=RR )/ 0.4,0.2 0.3,0.3



PN
RESEARCH Hltﬂtex

RSN , 5 %0 5 5 AR SR G R s AT 2R Ak (02
50 s ), FEAF I B N TR A SO B0 i 45
MERIARZE . BARRZE RN 12 iR PRIk
AR 20T 0.5 mm, 58 4 AR HE 1R 25 BOR , AR
SO EAE U AR R AR 58 ] LN TR 15 B Y
TR

(b) BRI TAF

B REEEIE
Fig.11 Workpiece before and after welding

o RHPEEUT IRRE S
AR B
¢ ARSI ARRIE R
ARSI AR

-20 _40

20 30
12 AXEZBERSRHEABEZRELE

Fig.12 Comparison of errors between algorithm path and teaching
path in this paper

5 #ig

B Ko AT 25 A0 R 40 85 rh 2 (i) i R AR A 1% G s IR
FUHLAS AME LUK 32 0 IRl S, e R & 2 A AR B R AR,
ARSI T —FEE LS B9 RANSAC 1 ICP
AR BT ML AT % AT T SO0 T A e )
BEA LA A — S5O 0 T 5 2 P M ) A Rl s B i ke
T T8 AR BB R A A AR B 2 T AR
AN—E Rl AT T ARG IRIE . AU 4Sie .

(1) 92T 2 2 MA i 2k vy e A shib i . 18
TR 5 R 5 < AR 5 S 5 sl 3B it
FFOAPAC R 5 3 3 3 5 3 JRURN S sl Y 7 U S B i
P B RS, TR 2R

(2 )33 Quasi %5 U Bir #E 1T RANSAC & 5k A9 il
TN A« 3 Ao 2 A B3 A B SR FH 1 3 7 AR
BORms, WE R TR DT ECCR G ah R R 1
AN TAF R SR 55 b M T AR 520 RANSAC 5k,
KI5 1 32 AR B0 /D T 24 30%, D e st [) 446
25% X — A R TE T A B R A R Y
TE N FIRE S

(3) FIHEAL G BRI 2 D B 7 B 1
HIRZEREN T, SVD 23K fif 1 22 KUEE ICP, U
T RS EAE R B A R 25 . AR T PR — RUEE ICP
Tk, R Z RJE ICP J&, Bk ib 4 JRy W SO 1) 46 4 1
20%, HAUARE IR D T 18%, JUHAE AL P e 7 o
BRI, S H (AL 52 M I S D8N B R e R A e
(CEITE Sl

2 % x u

(1] EH, Bt TS NS 98 F SN 3 Sl AR il I i or
FE[I). ias il H R, 2024, 67(18): 20-27.

WANG Jun, MA Di. Variable admittance adaptive active fault-
tolerant control method for industrial robots[J]. Aeronautical Manufacturing
Technology, 2024, 67(18): 20-27.

[2] LIUY, LIU J, TIAN X C. An approach to the path planning of
intersecting pipes weld seam with the welding robot based on non-ideal
models[J]. Robotics and Computer-Integrated Manufacturing, 2019, 55:
96-108.

[3] ZHANG Y K, JIANG Y, TIAN X C, et al. A point cloud-based
welding trajectory planning method for plane welds[J]. The International
Journal of Advanced Manufacturing Technology, 2023, 125(3): 1645-1659.

[4] B, ghiRae, XIEy, 4 AN OB TBUE S HL
A NERAE F SRR RIS FE[]. s iR R, 2024, 67(13): 119-126.

LIANG Xufeng, CAI Zhenhua, LIU Qi, et al. Laser melting deposition
repair for compressor blades: Robotic path automatic planning and
experimental research[J]. Aeronautical Manufacturing Technology, 2024,
67(13): 119-126.

[5] YANG L, LIU Y H, PENG J Z, et al. A novel system for off-line
3D seam extraction and path planning based on point cloud segmentation

2025465568 552010] - B BlEHA 107



‘_‘i.‘ »
Hl:%lﬁx RESEARCH

for arc welding robot[J]. Robotics and Computer-Integrated Manufacturing,
2020, 64: 101929.

[6] iR ,%,uﬁ, b, S5 BETHLES AR A SR
e i P AN D] ALl H AR, 2024, 67(5): 66-81.

DANG Renjun, LI Zhihu, QIAN Hongyu, et al. Application of robot-
based automated inspection technology in aviation manufacturing[J].
Aeronautical Manufacturing Technology, 2024, 67(5): 66-81.

[71 WANG H, HUANG Y, ZHANG G J, et al. A novel method for
dense point cloud reconstruction and weld seam detection for tubesheet
welding robot[J]. Optics & Laser Technology, 2023, 163: 109346.

[8] ZHANG G, ZHANG Y H, TUO S H, et al. A novel seam tracking
technique with a four-step method and experimental investigation of robotic
welding oriented to complex welding seam[J]. Sensors, 2021, 21(9): 3067.

[91 XU, U, ALsg, . BUEPLE = e AL R T 20 R
WA SR #5422, 2023(4): 45-48, 54.

LIU Jing, GUAN Kainan, DU Liang, et al. Development and
application of 3D visualization welding process platform for railway
locomotives[J]. Welding & Joining, 2023(4): 45-48, 54.

[10] LIW M, MEIF, HU Z, et al. Multiple weld seam laser vision
recognition method based on the IPCE algorithm[J]. Optics & Laser
Technology, 2022, 155: 108388.

[11] K, KR, A i BE, &5, 11 1) K 24540 PR R R TEAT L
i NPT LR I [J/OL]. Wi A R 2F 244 (B AR 22 /), [2025-05-30].
https://doi.org/10.16511/j.cnki.qghdxxb.2024.22.047.

FENG Xiaobing, ZHENG Jun, YANG Shangxian, et al. Visual tracking
control of crawling robots for welding large structural components[J/OL].
Journal of Tsinghua University (Natural Science Edition), [2025-05-30].
https://doi.org/10.16511/j.cnki.qhdxxb.2024.22.047.

[12] Fesidh. HTERINIARM LS G 1 S SR HWL AR 5%
-5 AR [D]. P4 22: VY22 BT R, 2024,

QIAO Jiatuo. Welding seam detection and path planning of teaching-
free welding robot based on line structured light and stereo vision[D]. Xi’an:
Xi’an University of Technology, 2024.

[13] LIUY, TANG Q, TIAN X C. A discrete method of sphere-pipe
intersecting curve for robot welding by offline programming[J]. Robotics and
Computer-Integrated Manufacturing, 2019, 57: 404-411.

[14] LIMY, DU Z J, MA X X, et al. A robot hand-eye calibration
method of line laser sensor based on 3D reconstruction[J]. Robotics and
Computer-Integrated Manufacturing, 2021, 71: 102136.

[15] FANG H, ONG S, NEE A. Robot path planning optimization
for welding complex joints[J]. The International Journal of Advanced
Manufacturing Technology, 2017, 90(9): 3829-3839.

[16] %5+ B, XM, EoKAN, % 2T M bl as AAR5E A 3l
PRSI ZR G0 5 IR0, EIHLM TR, 2024, 35(7): 1253-1262, 1268.

GE Jimin, DENG Zhaohui, WANG Shuixian, et al. Automated grinding
system and method for robotic weld seams based on point cloud[J]. China
Mechanical Engineering, 2024, 35(7): 1253-1262, 1268.

[17] Trehfe. BT 3DMSE P AKRHEE el KU D s A
WD), ¥R INZRK2E, 2023.

FANG Weihua. Research on key technology of intelligent trajectory
planning for robot welding based on 3D vision[D]. Jinan: Shandong University,
2023.

BIEIEE  VPERS  RIOR, I A S0, WHETT L E AR fiE
L 215 A e IO 1
Vit WE)

108 Az B E A - 20254F 55684 552010

(E#% 99 W)

[13] PETUKHOVA M V, LUPULEAC S V, SHINDER Y K, et
al. Numerical approach for airframe assembly simulation[J]. Journal of
Mathematics in Industry, 2014, 4(1): 8.

[14]  FEM. —2R5 S/ MTBERRZE H TIUZE 45 T 20 A T ik roe
[D]. HLIH: WK, 2017.

TANG Wei. Study on optimization methods of pre-joining processes for
a class of skin-stringer panel structures[D]. Hangzhou: Zhejiang University, 2017.

[15] LIU G, TANG W, KE Y L, et al. Modeling of fast pre-joining
processes optimization for skin-stringer panels[J]. Assembly Automation,
2014, 34(4): 323-332.

[16] it CHLEEMR H Sl B 80 b s 1 T 2 RS 5T
D]. Lt W12, 2019.

YANG Di. Study on pre-joining process and riveting deformation
in automated drilling-riveting of aircraft panel[D]. Hangzhou: Zhejiang
University, 2019.

[17] POGARSKAIA T, LUPULEAC S, BONHOMME E. Novel
approach to optimization of fastener pattern for airframe assembly process[J].
Procedia CIRP, 2020, 93: 1151-1157.

[18] POGARSKAIA T, CHURILOVA M, BONHOMME E.
Application of a novel approach based on geodesic distance and pressure
distribution to optimization of automated airframe assembly process[C]//
Supercomputing. Cham: Springer, 2020: 162—173.

[19]  TREKH, Gk, Taft, &5, e T L am LR AR
LHPREIC IR IR/ NS AT R ALAR[). A APREEER, 2019, 36(6): 1546-
1557.

ZHANG Qiuyue, AN Luling, YUE Xuande, et al. Optimization of size
and layout of pressing force for composite airframe structure assembly based
on genetic algorithm[J]. Acta Materiae Compositae Sinica, 2019, 36(6):
1546-1557.

[20] SKBKA. KA A APRIESHRRAC R B 0O N S A R i
[D]. FAt: B ATILZS LR REE, 2019.

ZHANG Qiuyue. Optimization of magnitude and layout of pressing
force for composite aerostructure assembly[D]. Nanjing: Nanjing University
of Aeronautics and Astronautics, 2019.

[21] B, LR, LA, 5 L SR RRERCRRC il
B EPAB S A R ITED]. AR, 2022, 39(8): 4102-4116.

LI Xueting, AN Luling, YUE Xuande, et al. Optimization method of
the number and layout of temporary fasteners in composite panel assembly of
aircraft[J]. Acta Materiae Compositae Sinica, 2022, 39(8): 4102-4116.

[22] BRI, RHLA A PPRHRER R C il et 55 [ A5 5 41 ey
PEALID]. B At B AU TR R, 2022.

LI Xueting. Optimization of the number and layout of temporary
fasteners in aircraft composite panel assembly[D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2022.

[23] ZRAAD7. A PR AATTIEEE S R M. 4. Jbst: T E KR
kAL RRA, 2018.

ZHU Bofang. Finite element method theory and applications[M]. 4th
ed. Beijing: China Water & Power Press, 2018.

[24] BARBERO E J. Finite Element Analysis of Composite Materials
using Abaqus ™[M]. Boca Raton: CRC Press, 2013.

[25] YEJ X, YANY, LI J, et al. 3D explicit finite element analysis
of tensile failure behavior in adhesive-bonded composite single-lap joints[J].
Composite Structures, 2018, 201: 261-275.

B OIS, FISCHR Wk WP 16 B A bR 1 11 2 i
HR LR A
(g M E)



