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RESEARCH ON WELD DEFECT DETECTION METHOD

BASED ON 3D STRUCTURED LIGHT VISION

ABSTRACT

Weld defect detection is to ensure the quality of welded products indispensable
important process. The traditional manual visual inspection of weld defects is not only
inefficient, costly, and subject to the subjective influence of inspectors, but also difficult
to meet the needs of modern industrial automation welding. The 2D vision-based weld
defect detection method is susceptible to the interference of arc light, sparks and other
environmental factors, and it is difficult to ensure the detection accuracy when detecting
defects with obvious depth characteristics such as weld tumors and pores.3D structured
light vision measurement is widely used in the field of defect detection due to its
advantages of high accuracy, good penetrability and strong resistance to
electromagnetic interference. Aiming at the shortcomings of the existing weld defect
detection methods, this paper explores the intelligent detection method of weld surface
defects based on 3D structured light vision measurement technology, combined with
the point cloud processing algorithm and deep learning network model, and the main
research contents are as follows:

(1) The basic principles of two triangulation models, vertical incidence measurement
and oblique incidence measurement, are analyzed and the advantages and
disadvantages of the two models are compared in line structured light vision
measurement. Camera calibration, line structured light centerline extraction, optical
plane calibration, and three-dimensional reconstruction methods in line structured light
vision measurement are investigated, and an accurate extraction method of line
structured light centerline based on the improved Steger algorithm is proposed.

(2) The geometric features of four types of weld surface features, namely normal
weld seam, weld lump, depression and porosity, are investigated in depth. Taking the
flat plate butt weld seam as the research object, the point cloud data of the weld seam
surface is acquired by the structured light vision measurement system, and the radius
filtering algorithm, voxel downsampling algorithm, and slope filtering algorithm are

adopted to preprocess the point cloud data, and the semantic annotation and data
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enhancement work is completed by combining with the open-source software of
CloudCompare to construct a semantic segmentation-based point cloud data set. The
semantic annotation and data enhancement work is completed with CloudCompare
open source software, and the point cloud dataset of weld seam surface based on
semantic segmentation is constructed.

(3) In order to realize weld defect detection, a weld defect detection method
combining PointNet++ network model and DBSCAN clustering algorithm is proposed,
which processes the weld point cloud through PointNet++ segmentation network
model, obtains the prediction classification result of each point in the weld point cloud,
and uses DBSCAN clustering algorithm to instantiate the segmented defect point cloud
as an independent weld defect object, thus realizing weld defect detection.

(4) In order to verify the effectiveness and accuracy of the proposed weld defect
detection method, an experimental platform for weld defect detection based on 3D
structured light vision is built, the PointNet++ network model training is completed by
using the weld surface point cloud dataset, and weld point cloud segmentation
experiments and defect point cloud instantiation experiments are designed to evaluate
the detection performance of the proposed method. The experimental results show that
the proposed weld defect detection method can effectively identify the weld surface

defects.

Cai Lei

Supervised by Associate Professor Wu Lulu

KEY WORDS: Line structured light vision, Improved Steger algorithm, Weld defect
detection, PointNet++, DBSCAN clustering algorithm
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43¢ JZ I BROIR AT I A ) 53 (Ball query) 78 UK FEJZ AT B BN KR A
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HEA—E A

(3PointNet =

PointNet = [F1E R BICRAE ZE R0 HE B 15 21 24 530 SU4E, IR
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PointNet Jz= % FH s Rt Ak bR U E 0T FR R, 380 RS i AR AE EAT 1R T 2R 1)
RAE TR, R REARER AR AR IR R ) &, X R OR T4
SRR BT AN S s NP B 52 . fe 2000 R B2 MR A R,
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KA — D IAL IR GEERFE 0 B, e 2% R 4% fl = AL B RO BRER R AL DL K&
X s R R, DASE A o 2 k375 N SR SR ER A I Y SE B AR oK
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ke — M T HE AR R RETTE, Az 0 B e S = O sk
DR, P E I R R R AT IR O AR R R AR, BRI AL
sERRE U R B R AR RS R H R = TR AN B AR R R s
15, R I 2SO A P 5 A I S BB, T T A B AR O ) R s B AR R R P e
MZER 757 . DBSCAN REFVEW K BIR A S U
(1) e 883 PLGTE M HIEE— i p APy, BN ¢ BIIXIRR N p )
& AR
(2) MinPts: ¥457E€ M= E— N0 R, ZA e BEAFEG
RN R
(DR%0 R WUER S TE R I — 1 p 1 & RBIA H) RUBOR T 8058 T MinPts,
TR A p A% A
(4) HEHEEIE: N T4HE PSS p FA g, IR g
Mop e 8RR, H p WO, MFRS ¢ N p BEREHEAIA,
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(5) BREEAIE: RS E s EAE— RIVEEE 5 p, p, .. p, » WIS
MR o N p B AR, PR p, AL p, B EFIL, BERIA R R AAH
A& SRR FE XS AR 5
(6) B EEAHE: WREE M= TR D o, BERETHZ Kl p M g #L
MEL o BJERTIE, WP p MR g NEEJEHIE, B EAHIE A X RRIE
(7)) BERE: EEEnah, M0 EHERIAR A R
RN RE R
(8) TR HEHEERET, TIEMERE—MZ0 B B E I AR A
ToRUR
XJ T PointNet++73 #0284 tH (1) sl = 0 BN G R, B el il 25 BRI 4% sl = g
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MK Z IR 4% AN e SR a5 4% WREE S~ DF A=, NIfEH DBSCAN
BRI RHERCH R SREE 5 = DF AT R, BRI 4-7 .
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distance BREE — i T B0 A5 HARID 2 BRI, WA T REHE
A AT . ZEE T k-distance PR, G TR EARIE B R R A A

MRIASFARYGE k FHUE. — M0, & BUERT S H LT AR
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k=5 WRJETHE G R DF a2 0] R B HL 6 ki R BRSSPk X L
PR EIZ BT A9 e 2] sl s A ok R

W 4-8 Frow, 1 S6Il R/ a0t iz 70 A1 O 2 B T IR B Ol AT
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K 70707 R BT TT R S IR AR5 TS 4 b it 3 5
KR, Z R EAE M2 im0 P41, Hodr, 28 ka WF A XWF:
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[A+(f '(x))z)]%

X, f(x) RoRilE -t x B—Fr 38, () Rl E &) x 1 =Ry
FH P RALE X MR BRI e A, MinPts W{EEF 1L 4E kB 1.

ka(x) =

(4-5)

40



HET 3D SRR A GRS RIN T VAR T

BB PREL | » DF

'
DBSCAN EEEIEZHITE | W & MinPts

!

ol I | » CP
!

> %0 RUEEL | W CP;
'

RERERM | » DP;
!

N BREERATE (D
!

SR | » gg:gf;%fj;

<@

Y

RIG R

4-7 JREEFIE R LB IR AR B

Step2: TFEGIE N = DF A S ¢ SBEA KSR S EN, o R
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HrEDP RIS KRG SR SUE DP, oL I BT %0 SO I 3 2 1 SR 2 A%
LREECN, .

Step4: G il % B GERIF E T 1K) 2% ) 55 AE BRI 52 8 DP, Hh BT o5 1 e 431,
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XTF A EES, A IR IoU (Intersection over Union) FIF3JAE
JEt MIoU (Mean Intersection over Union) XJ7r E M GEREAT VAN s X BRFE A I
1155, WHEAMAHAERE (Accuracy) TEANTEIR.

(1) 2L

SEIEL ToU 2 T2 I AR HE VPN 1845, 2B bR 7 31 5 B T
D 7 F Z  AZ b, Rk .

PN,

JoU =—""i (4-6)
X, +Y,~ PN,

X, @ RTINS EEN, X RRESLHRE N i B AEE, ¥R
INEAR AL R TR A i 2R B, PN, FOREA R T i TN i K0
HDEG 8

(2) ~FEIAZIFLL

FIAZIHE MIoU SR f— M4y S50 T 545 3 1) 52 I B k47 3k~ 3415 21
RS, [EII 25 R& 1 7 82k LA s s 5 L, BT MIoU £E1E U BIVEO |
HAREMH RIS BONTEY 1, BN T Rt S RIVE O 1L i b o 5 e
M —Mebr, HEIEAN:
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A — __true 4-
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true
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AT T RAESRME RS Y T 2 (OBEPFALIR, 26 & 35 = S TR R4
T 5 2 R L T KA 2525 4 RIS A 25 25 S 5530, DA A SR
(KRS RO 5 4 R 5 K28 R IKME T FX0 R V0 R U
7

51 KEF &

9T T SRR T T 5 25 B8 LA A TR G BB R 7 S T, A SC s e
B 5-1 BT (RSB 5200 T &, %5060 F & r DUBB A 4Lk (1) ZR4EHy
FALHAL RS (2) bl 25 M LA RSB B S LB BB F & (3)
FI T B SR AT = e T TN (4) R E SR 4

UEINCTRESY |

-

K 5-1 JREEsRIE RN seae T G E K

5.2 IREEERIEARINISEIR
52.1 BRERTDEISKE
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Bb, WA ARG S T 4 B AT RN 53 TR
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