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Abstract: Digital image of pipeline weld is an important basis for the reliability management of pipeline welds. However, the error rate of
artificial discrimination is high. In order to increase the defect identification accuracy ofdigital image of pipeline weld, we adopted several
methods (e.g. multiple edge detection, detection channel and threshold segmentation) to carry out image processing on the image defects
of pipeline welds. Then, a defect characteristic database on the digital images of pipeline welds was constructed, including grayscale dif-
ference, equivalent area (S/C), circularity, entropy, correlation and other parameters. Furthermore, a multi-classifier construction (SVM)
model was established. Thus, the classification and evaluation on the defects in the digital images of pipeline welds were realized. Finally,
an automatic defect identification software fordigital image of pipeline weld was developed and verified on site. And the following research
results were obtained. First, after image processing, the edge detection results obtained by Canny and other algorithms are satisfactory when
there is no noise. In the case of noise, however, pseudo-edge emerges in the detection results. In this case, the automatic threshold selection
method shall be adopted to detect the image edge to obtain the rational threshold. Second, there are 14 parameters in the defect character-
istic database, including shape characteristic, lamination characteristic and image length pixel. Third, by virtue of the SVM classification
model, the shape characteristics of each type of defect can be clarified, and the defect characteristics can be identified, such as crack, slag
inclusion, air hole, incomplete penetration, non-fusion and strip. Based on field application, the following results were obtained. First, this
automatic defect identification technology is applicable to quality identification and evaluation of various defects in pipeline welds. Second,
its identification accuracy is higher than 90%. Third, by virtue of this technology, automatic defect identification and evaluation of digital
image of pipeline weld is realized. In conclusion, these research results help to ensure the safe operation of pipelines.

Keywords: Pipeline weld; Ray film; Digital image; Defect database; SVM classification model; Defect identification; Automatic identifi-

cation; Software development

HEeWE . EREAGIRIERIBE “ B A& RA & 22 REEARSEETIR” (45 : 2017YFC0805800). H % B 4%}
FIHEGTE “X80 B HANANI I RRIAT NG e BV BB AL ('S - 51874322).

EB®E N - HAMH, 1972 4248, ¥ox, WA FEAGEE ERBIEE SISO TIE. sk . (102249) Jb5tm & -F X
2% 18 5. ORCID: 0000-0003-0201-4185. E-mail: shdong@cup.edu.cn



114 -

2019 1 A

0 5l

FUAT, 5 2 AR BOR B sl o 8 1 AR A I o
fEF B AR e B T ST e BV R
JE R4 BT AL B R Ge I AR SN 2. X B R 5
FERL I AEAE 7 EANAZ BT, IR REAL /K1
L. TS 27 BB SR IR BOR i B
THENUR R AL BERE 77, 8 I A i A AL 2,
BN S RO R R REAC 2, S 7 X%
S PR BRI I R Y, R AOD R I
BIAL P, R SEIX Sk 70 1L o 65 Rk S AT
B> IR S5 . B R 2 OO S kel A 3 &
5 A 7 B SE 75, 0 TE 1R 4% B b A7 A Rk
HBEAT TR AL R, KiE TR AR R SR REAE
BWEKIERE . SRR R B HREESAL
HOLT 2R MiE (SVMD SR, SEEl T E
PG T BB SRBE I 2 0P, AT R B AR
SR RSB A SR A B, JFREAT T Bl AR
gt

1 BREEGIRAEAR

il

1.1 BE&gmaiE

P A5 T Ak 39 = A0, 5T AR 6 o A A 2 e
el A 8 i 30 el P 2 T el vk Ak B PRI ) K BEE AR B0
EIERMR AR R A, R AT AR e, DT S 2 3
W BRI B FR 0 X 70 JT oK. B 25 162 T LA A 1
ik R B SBR[ B R ek b BB, R
B PG E ) S5 R ALE
1.2 BN

112 B BRI BE AR S RIS A X e 14 2%
For il Bp B ORSE I 1A SR IX IR, MR T G i 1R 4% 2
(LA REAE U R B IL G I 595 Robert 5
;. Sobel %77, Prewitt 5177 Laplacian—Gauss 5%
Canny 5 7%l Krisch #9455, {H7EF) H 1% 26 5k i
ATRE Iy, PR AT AR B DX BB RS 23 A, AT HH B
B FATEW RGO B, @ X A [B] 2 ok i 5
VEREAT R LL A3 AT, 2B RS S5 A8 TG 3R 1) K /INRI 7 1) o T
AU G HE R, 21 7 —f 2 HE
AhE A FRRI AR, ¥ Sobel . Prewitt &5 Robert
RN A AL B, R AR A B A L 2,
KPR FE b Ak 12 2 Wk 75 5o, Ry AR S DN 4
PRt 7 —HP AT A R TT .

1.3 CLTP SUE4HEIRA

JR 58 SO PR AR 3 BP0 S0 5435 W FE A = A5 2.
AHAREE, g7 il e i BB =0 8O
TEREIR 1%, ABSCER R (RS FE 5 52 B s 11,
I, FEEAWTSGEEE L, $EH T e R =14 CLTP
(Completed Local Ternary Patterns, CLTP) #i, fi
T3 MR O EE— LR T SRR RN
Wk, 4y CLTP C, CLTP_ S #1 CLTP M %%,
BRIEELE, R&BIMEIER CLTP_C'. CLTP_
S'. CLTP M Fow, BT -

p-1
=0
2, x=TH
s(x)=41, 0<x<TH 2)
0, x<0
p-1
CLTP _M*="s,(x)3" (3)
p=0
2, x=bxTH
s,(x) =11, axTH <x<bxTH 4)
0, x<axTH
. |, x>THI1
CLTP C = (5)
0, x<TH1

b p LRBERNE A g, LR AR R KA
g R UER BMIKEE s TH RNBIME 5 av b 5y
MFEREELEE, Tl a=03, b=0.7; THl FR
KGR BME.

SRJg, FILTR Bk sy Bl A i, CLTP_
S'. CLTP_M'. CLTP_C 4y 5%t RtE i 1 fior.

022
2|00 |cLrrs:
0110
C.
27172169 | |-11| 34| 31 122
8838 (32| |50 O|-6|—>»| 2|00 |cLiPM"
26|43 25| |-12] 5 |13 101
a b, d.
0100
1|00 |cLrpc’
0010

o

E 1 CLTPHEEE



%539 %5 13 £

5 m T 115~

TERE 1-a v, RORMEF OB RN 38 111 3X3 FF
AP, B 8 MR [27,72,69.32,25,43,26,88] ; 1E
Bl 1-b  ORRF G R R KEE, TH=24 Ak
FIRME, THE)RMMZEME, [FRNEZRGR A 11,
34,31, —6, —13,5, —12,50] ; & 1-c tf, CLTP S J5

AR5 1 =8 g bl ] 2 [0,2,2,0,0,1,0,2]; B 1-d
W, CLTP_M %3515 N [1,2,2,0,1,0,1,2] ; & 1-e

TH1=47.75, H [27,72,69,32,25,43,26,88] it HI-F3314,
#78 CLTP () CLTP_C™ {84 [0,0,0,0,0,0,0,1] .

2 BEXFEEN SVM 1&EE

fE B #% 4 R 75 % M -SVM, 1 i& £ it
AR, IR SRR M AN AR R .
M(x,y)=(x, ) LG =L20 ) N PEAR YN GR4E, 13
AEERANEL, N RREARYER, M BRI,
SINAEF AR B &, MZT7 A I iy 1

1 M ) N I
minzzuw" +Cz Zém (6)
p-1

K w=o'v, o FREARISFET L.
FN RN -
STy [W p(x)+b]=1-¢& 7
X & =0, =120 o(x) RN 8 2] 5 4ERE
I 7% (] () AR 42 A B Sh R
T SR A A R R, R A B B e R ok SR
R Ax), Bl

f(x)=sgn{zl:yiaiM(x,xi)+b} (8)

SVM 2 77 2 4 140 35 18 516 SR I 2803 22 5 1k kB
%, BIERRARL R, SERMBIEE N 3K, AR
P AL R TR O A e Ak, Pl e A A B3t AT X
Tr o IXM X SRAE 73 FEHERA AT HERA R _EHAT B =

PR . EFRIE T BRI RO B I SR T
AL RIEENCRIE G 6 Mt AU BhIE SVM £ 870K
# (E2).

3 BRI L

3.1 (BEERGANE ST IRIAHIThAE

ZHAEE TN YIRE - WMARERBER 2
G B PR MBS BN EEARBE ;s R IR ORAF
BUMBEHGAR FE T s G s BE ST s B Ab 2
BIEHAT A s Siit BEB R AL ; 52K
F BB AL .
32 HEHTERES

AR AR HU T R AR ) A G B R A B
Fr AT SR R I HE 0 B, 0 R SAT I S R
AL T I 3, BEX O 2 A B B R AT 1R 4%
RIS 0T, SR SVM B, 20 3 4L
PE TS AR SRR ARSI, Al 3 P

4 ZBI5H

KA IR R A R, RSN AR A%
JE& AT 58 4 R iR = A 20 CLTP S8R 31, SR A
B ID G AR B A H R R T S S 5L, iR
HOR G AREE R AT E S B aEE . BRKEGER.
B 5ERER. SREESESMKEZE (A, GRIET
XL E (D hFE E S K ZE (9. BRFEH T EL
SR (/IO BIEE (e). /i (ENT). FHRKSEE
(COR). 1B1ESE (CON) FRE RS HEE, B A FF1E
ZHRNE] SVM B8, 34T SVM IRE2IR A 1R Sk
WA, AL EIEBPENZE, WA 4 Fios.

SVM2

BUJE Jedk . <AL

AN

SVMI

B, R KK,
AL RAE

A

SVM3

N

SVM4

RIIE, RIGE

N

[5ll B e v
ILZERTO

AL
IEFERTO

SRR T

| P31
SERAIARN T

AR IE
WA T3

KAl
15/ T3

B2 JREEFRFE SVM 4 2R FIE




B3 REREDTREE

E4 BEEHFEGRENSE CTLP IR

FUFD SVM HREEF B E

116 K W5 I W 201941 H
| e
v \ v
| wmxmem | | mmunmzs | e
| T |
v v v v v v
st | [ ] [ s | [ovam | [ o | [ o i
B tk s | |nscmie| | masi | | Ko -



%539 %5 13 £

5 m T 117

R i 4L 58 4 ) i = B A 5 CLTP SU3E R
a3 R s RN 7R 1K) SVM BidE 73 SR 1R,
CTLP 5 2 AS AR 42 6% 1B 1532 oA R R o R B 1R )
LR R, SVM BRI 7 SR8 [ (R ks 1) B 50
TP Wy L ER R KR, BEASIA R T TR
I o AP 4-e R A PO URBETIE 728”7
HME BN X SR, AL E S 38 ML E N
WELRIE G RAL, HAH LRSS N T Fr4h
A KIEIRERY . LIERABIF IR

5 Zig

1) BHE AL B 5 WA S S 5L, Canny &
7%, Log 5%, Robert Bk, Sobel H %A Prewitt
FET D BRI R ia gkl 25 1 . M ER b EE S
ThSRAEAERE S I, R R TR 2 Mth il %,
1 E Bk S AE 5 v AT R L Gk I, BR 6% L
15 e A B A -

2) EELHRSEE T BRI RO P, B
TEARFFEMSCHAFAE . B KEBR R BUR SR =
IS RRKEZE (A, BEKIMEXSTAE (d)
SR EH S KERZE (0. BB EER0mR S/
O FE (o). B (ENT). HIKE (COR). itk
4 (CON) MgtE%ESH.

3)EEAL T SVM 4 R AY, B TR B R 2R 12
SFERAL T ERBETEARFFAE, $RH T R4 ok, <AL,
KRIEE RIEEGMZTEERARE, @R,
PUHERA 28 RS BE 35 4 T80 7K

4) EIE SRR UM PR B SR TR T I
AT BB BRI B B sh iR A B s e, X T E
8% 4iaiT B EEE

2 F X ™

[1] 2%, FMoNs . HAKOE, mNges 8 RS I+,
ARILR [I]. WS AHIE , 2017, 36(1): 21-27.
Wu Hong & Zhou Jiangin. Current status of welding and weld
testing technologies for large-diameter high-grade pipelines in
China[J]. Oil & Gas Storage and Transportation, 2017, 36(1): 21-
27.

[2] T4 . EE e BB 5 A M. bt Aol
fiAL , 2014.
Dong Shaohua. Pipeline integrity assessment theory and applica-
tion[M]. Beijing: Petroleum Industry Press, 2014.

[ 3 ] Kushwaha AKS, Srivastava S & Srivastava R. Multi-view human
activity recognition based on silhouette and uniform rotation in-

variant local binary patterns[J]. Multimedia Systems, 2016, 23(4):
1-17.

[ 4] Ojala T, Pietikaainen M & Harwood D. Acomparative study of
texture measures with classification based on featured distribu-
tions[J]. Pattern Recognition, 1996, 29(1): 51-59.

[5]AEN, FHuE . BT BS 7910 [N 4B R 42 75 i o 47 512
[J1. = fikiz , 2016, 35(1): 78-85.

Zhou Daochuan & Wang Yanting. Residual life analysis method
of weld seam with defects based on BS 7910[J]. Oil & Gas Stor-
age and Transportation, 2016, 35(1): 78-85.

[ 6 ] Kasban H, Zahran O, Arafa H, El-Kordy M, Elaraby SMS & Abd
El-Samie FE. Welding defect detection from radiography images
with a cepstral approach[J]. NDT&E International, 2011, 44(2):
226-231.

[ 7] Halim SA, Hadi NA, Ibrahim A & Manurung YH. The geomet-
rical feature of weld defect in assessing digital radiographic im-
age[C]//2011 IEEE International Conference on Imaging Systems
and Techniques, 17-18 May 2011, Penang, Malaysia.

[ 8] Ojala T, Pietikdinen M & Méenpdd TT. Multiresolution gray-
scale and rotation invarianttextureclassification with local binary
pattern[J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2002, 24(9): 971-987.

[ 9] Guo Zhenhua & Zhang Lei. A completed modeling of local bina-
ry pattern operator for texture classification[J]. IEEE Transactions
on Image Processing, 2010, 19(6): 1657-1663.

[10] Tian Yuan, Du Dong, Hou Runshi, Gao Zhiling & Shen Liqun.
Automatic defect detection in X-ray images using image data fu-
sion[J]. Tsinghua Science & Technology, 2006, 11(6): 720-724.

[11] Felisberto MK, Lopes HS & Centeno TM. An object detection
and recognition system for weld bead extraction from digital ra-
diographs[J]. Computer Vision and Image Understanding, 2006,
102(3): 238-249.

[12] Lecomte G & Kaftandjian V. A robust segmentation approach
based on features analysis for defect detection in aluminium
castings X-ray images[J]. Non Destructive Testing and Condition
Monitoring, 2007, 49(10): 572-577.

[13] Lim TY, Ratnam MM & Khalid MA. Automatic classification of
weld defects using simulated data and an MLP neural network[J].
Non Destructive Testing and Condition Monitoring, 2007, 49(3):
154-159.

[14] Juan Zapata, Rafael Vilar & Ramon Ruiz. Performance evaluation
of an automatic inspection system of weld defects in radiographic
images based on neuro-classifiers[J]. Expert Systems with Appli-
cations, 2011, 38(7): 8812-8824.

[15] Zhang Xiaoguang, Ren Shijin, Xu Jihua & Zhu Zhencai. The
classification algorithm of defects in weld image based on asym-
metrical SVMs[C]//Proceedings of International Conference on
Control and Automation, 26-29 June 2005, Budapest, Hungary.

[16] Alaknanda, Anand RS & Kumar P. Flaw detection in radiographic
weld images using morphological approach[J]. NDT&E Interna-
tional, 2006, 39(1): 29-33.

(MR EY 2018-11-05 44 # {7 BR)



