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Laser Visual Guided Pipeline Weld Seam Identification and
Tracking System
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Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment & Technology, School of Mechanical
Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract A fundamental way to improve the automation level of pipeline welding in industries is to quickly and accurately
identify the weld. To solve this problem, we designed a laser vision-guided seam tracking system for pipeline bus weld.
The seam image containing laser stripes was obtained using a CCD industrial camera, and the position of the laser stripes
was determined after digitizing the image, threshold segmentation, and region of interest area extraction. Then, we
reduced the laser stripes in the images using the improved geometric center algorithm. Furthermore, we obtained the two-
dimensional coordinates of the solder points using the curve fitting and feature point recognition algorithm. Finally, we
reconstructed the three-dimensional weld feature points using the principle of camera imaging and transformed the
coordinates of the weld points from the image coordinate system to the robot base coordinate system to guide the robot to
autoweld. The experimental results show that the recognition errors of the solder joints are all within 0.5 mm.
Additionally, the recognition efficiency and accuracy of the seam feature point extraction are high, which meet the
production requirements of robot automatic welding.

Key words imaging systems; weld seam tracking; feature extraction; three-dimensional reconstruction; automatic welding

12 . ST AR R T LR ] R A R ) e A
H PRI 51 T AT HUAL SC B 32, RV S8 A9 U0 BRER . AR

Bl T A KRR IR AW R A, A BRI A R 2 R Y R B R A

12 i 3 S8 BT YR B T A B OR W AR B AR L EUR OIS AL AR S T O AR IR B (AR S
XUEAE FAR R EREIR JF BN TR R R T Blmigo R o 34K, BE & HLAR L8 A G 4
IS, © & Bl 148 T8 B B R AME Rz — , U T AR A A P R e, B A0 A% I i 1 KR 4 B Sl R R
AR A RTOR SR PO R SEEUAEE A SRR BREORSZ RN 0G4y S LS A s

Wis HER: 2021-06-15; 8B HHF. 2021-06-29; FHAHEEI. 2021-07-09
ELWB: ERAA/RH¥HSE(51675233)
BI51E#& . jiangyi@jiangnan.edu.cn

1611003-1


https://dx.doi.org/10.3788/LOP202259.1611003
mailto:E-mail:jiangyi@jiangnan.edu.cn

WK B2 I ERBE 1 i 2, T 305 7 % DAH I A g 0
SAREN T I

i 52 4 B 2R 0 — A o OG0 £ 0
) LA 530 4044 I, o 2O Tl A L
FO S A6 fL 38 SR 4 0 4 L1, 3 49 A 38
RS A5 PR B AT AL B A A G 5, T A AT
S5 AR = 4 (3D) 31 S LB 56 MGE B . Ok R
) 43 Ji ST , 42 S 7 2 300 , DA S B 0 5
L TR G R R Ny TR i G ik e O A
PRI 22 050 5 W), — A 2 7 56 S T 0 — A 6O J 25 B 2
s 1 T DA T 42 2 R 4 1 R

) PO S 0 5 £ R R A 95 4 R
28 30 £ S T 1K JBORE A A 2k A b, R I B 5
U PR P R SRR A L TEEE A 2 5 30 T S0
Radon 25 46 T YO 4 S0 , i iof 16119 43 1 350 50 4% 1
S ST E AT R BT AR PR A H
F Radon 75 e A K W 1 11 2%, B LS JH T VIR
ORI 55 BB 5 T 25 2t — T R R
B 1 5L B P B e 4 R R £
UM 4 AT I 0F RS B B . R 2 B B
EEAE R VT I AR A T KR
SO ML 7 LA 0 0 3K 0 ) 45 4 T 0 3 T A, WO 4
03t 5 FLAR A 5 X WO A 508 T2 L 35 4 P T4
o 6 T L o4 45 O 1

7R S Tl K LR A R TR 1 0
b P 3957 T 0k 00 050 0 5 4820 T LA oo
4 45 U 0 O A SO AT BB S g D BRI, OF
R4 5 354 1 SO A B0 A, R T80 A 20
43 o A A E 5 AT I, BT 6 0
S A 005 ) PR 1D s ) A 5 B X
fiF 1R T = 2 TR W T RO 7 BB A LA R
BB B LA A5 AR 4 B 5 B

2 WO ARG
2.1 BB B AW
IR PO 5 B B LR A5 5 8 47 43 5

drive signal

F59% F 16 #1/2022 £ 8 A/HASBFZHE
B it 0 3 3G IR OB AL RS AT LA
AL i . CCD Tk A HLFN U S R, HILAK &5 48 4 3% 7
HWE 1(a) s,

@ (b)

industrial camera

filter

welding torch  linear laser sensor

K1 B2 IR S8 - (a) WOL L BE 1L A HLR S5 1 5 (D) 1%
s TAE R B
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Fig. 3 Different weld seams and corresponding laser stripe patterns. (a) (b) V weld seam; (c) (d) lap weld seam; (e) (f) butt weld seam;

(g) (h) pipe weld seam
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Fig. 4 Overall flow of the weld seam recognition algorithm

3.1 BEERGHAE

KRB B LA S T LUE Y BO6 30 7 il e

T T, ARRE BRI A SO SR B0 BE ROK A T L T A R

Fﬂz"?&’%m;‘ﬁ Xof AR I a5 1 4 BB T S T T B

BB 5 T B G AT AL PR A Rk
AN R = I N 3 L

UL %) 08 D TR A P (R DR D | X (D D RN e 4 D

W o B U8 U AR Al v 445 25 T 22 A S 24 Ak £ 3 R

G B I 200, BEAK H AR AN S Xt L IR S e

T4 OO A5 B0 D A I o i 0 AR T R

MIE 2593 A1 4 e S W 75 LA 28 R BB AR R s Y
R AEL Fh 2 A5 % AR O JRE AL B4 v (LT 5, RE B8 410
i W s TH BRI ELRE A AR A PR AP MO SR 8L 4%
[ s B A1 -3 e S I S D S ol B i
5 pixel X5 pixel, 7 pixel X7 pixel. 9 pixel X9 pixel HI
11 pixel X 11 pixel i 8 A #E 47 mf (5 98 B, (8 08 0% s
AR Ch T B 8CR B 83T an e 5 s .
M5 BB P45 2R T LU Bl A A AR R O3 R

PO 2% SU B 1 6 30052 0 U R, O A% SO 2508 T
T BANOGAT AR L RE 2 i 5 AR T R Y

H/?’\

1611003-3



median
filter

$£59% F 16 H1/2022 £ 8 B/ EXBFFHE

B 5 AR T EG PE I8 I 45 0 o (a) 5 pixel X 5 pixel; (b) 7 pixel X 7 pixel; (¢) 9 pixel X 9 pixel; (d) 11 pixel X 11 pixel
Fig. 5 Image median filter results under different templates. (a) 5 pixel X5 pixel; (b) 7 pixel X 7 pixel; (¢) 9 pixel X 9 pixel;
(d) 11 pixel X 11 pixel
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Fig. 6 Threshold segmentation results of different methods. (a) Gray histogram; (b) histogram bimodal threshold segmentation;

(c) Otsu threshold segmentation
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Table 1 Time consuming of image processing algorithm steps

Algorithm steps Time consuming /ms

Image acquisition and transmission 40
Median filter 32
Threshold segmentation 15

Extraction of laser stripe center line 1
Feature point recognition 1
1

3D reconstruction
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Fig. 14 Physical drawing of experimental platform. (a) Weld

identification system; (b) work-piece to be welded
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Fig. 15 Experimental process. (a) Welding image acquisition

process; (b) collection process of actual position of

solder joint
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Table 2 Experimental results of weld feature points recognition

unit: mm

Calculation results of the algorithm

Actual position of solder joint

Serial number

(X, Yy, 2Zy) (X,Y,2)
1 (—140. 275749,695. 619647, —273. 7334380) (—140.76,695.89,—273.70)
2 (—141.284020,709. 684882, —273. 4957440) (—140.91,709.69,—273.72)
3 (—142.400476,721. 644768, —273. 2583509) (—142.25,721.73,—272.91)
4 (—143.131597,734. 937567, —272.9155906) (—143.17,735.01,—272.82)
5 (—144.276990,747. 246033, —272. 6832176) (—144.11,747.17,—272.74)
6 (—144.982680,759. 994569, —272. 2506655) (—145.05,759.71,—272.72)
7 (—146.078632,778. 068779, —272.2707918) (—146.20,778.04,—271.92)
8 (—147.248330,794. 282121, —271. 6395201) (—146.91,794.31,—271.49)
9 (—148.263204,810. 113418, —271.4052630) (—148.15,810. 29, —271. 25)
10 (—149.261270,825. 341429, —270. 9301853) (—149.11,825.70,—270.81)
11 (—150.429095,842. 641187, —270. 6421893) (—150. 87,842.25,—270. 35)
12 (—151.592100,856. 599564, —270. 0321142) (—151.55,856.27,—270.26)
13 (—152.575688,869. 052328, —269. 8101210) (—152.71,869.19,—270.19)
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Fig. 16 Analysis of experimental results. (a) Recognition of weld feature points; (b) errors of X-axis, Y-axis, and Z-axis
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