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Abstract: To reduce the volume of ships, aircraft, and other engines, oblique pipe welding is used instead
of elbow connection, and the end position in the pipeline system plays an important role in the welding
alignment. First, the pipe axis was obtained by determining the seed cylinder and designing a nonlinear op-
timization algorithm. Then, the pipeline axis was obtained through diffusion reconstruction of the high-pre-
cision seed cylinder. Following this, the pipe edge was searched using the double curvature threshold
search method, and the whole pixel coordinates of the end-face edge point of the pipe were obtained.

Next, the subpixel coordinates of the end-face edge were obtained via elliptic fitting of the whole pixel co-
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ordinates extracted from the end face combined with the ray intersection method, avoiding the effect of the

ambient light source on the subpixel coordinates calculated using the interpolation method. Finally, the

spatial projection plane was reconstructed using the point-by-point least squares method and the minimal re-

sidual spatial ellipse was realized on the plane. The center of the elliptical circle of the space was the end of

the pipe, and the projection plane was the plane where the end face was located, enabling accurate mea-

surement of the head position. The experimental results show that the measurement accuracy of this meth-

od reaches 0. 05 mm, and the angle measurement error is less than 0. 1°, basically meeting the accuracy re-

quirements of the head position measurement of an inclined pipeline, and presenting good guiding signifi-

cance for the assembly of such pipelines.
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Fig. 19 Ellipse dimensionality reduction fitting model

AN B 2 bR B S A, T4 AR BT 1 HE AT AR 5] 4L
G B8 T T I B R 5 T 1T AR B E e ] o
ST A5 3 A B Y 2 ] AR R

A iy 1 23 RS 3 R Ak ) A — A g
SO SR v/ f AL P 2 R R = [ =) iU
T A I i B BT SR AR R A L, TE VA A
2 Je B ML A 00 (SR i D ik 181 20 P o

Tangential angle Initial endpoint value

<
I/ \
I \
________ i .
\ |
Voo Short axis initial
N ! value
End cylindrical axis

K20 MBI (ER A )7 vk

Fig. 20 Ellipse initial value solution method
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—1, (17)



#1 i g, 45 - s ] e

52T A4 AR 0 [5R]  4  os Sk o7 45 M 105

4 MEEBE5ER

4.1 LBEAE

S 4 ) 22 H A B W 22 TR .
L6 AT A B 5L, SR 2 H 7 R
BT ARE 1A I i oS S R . D RS
i1 10 4> K A HL(MV-CA030-10GM) A B H
ML Sk (MVL-HF0628M-6MP) . LED 4T . #% %

Terminal

LED light Bend tube Backlight board

(a) R
(a) Schematic diagram

B GRS AR A A RS AL(BUR )
B AHALIR R 3 P 1 920X 1 440, 52 3k £5
5k 6 mm, 38 1 22 F LS PR IE A % R AE S AT g
RS

B F QB 23 e o SR U6 WA O 1k
FIME AR VRRAE Ry < — i 3k 7 11, — it Sk Ol A
F s 8 R 2 RR AR R < P 3 Sk B R

(b) WA
(b) Photo

K22 ZHAWENRE-F5

Fig. 22 Multi-eye vision measurement platform
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Fig. 23 Shape of pipe to be measured
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Tab.1 Camera interior index

HIBL  f/pixel  x,/pixel y,/pixel K, K, K, B, B, E, E, Sigma
1 1682.71 —23.25 30.67 —6.11X10 ° 8.511x10° " 1.52X10°"" —2.401x10"° —2.157X 10" —9.004>X 107" 0.0001055 0.026
2 1676.72 —15.35 14.43 —5.95X10°° 5.12x10° " 4.99x10°"  1.99e—07 3.68X107°  —1.94X107° 2.43X107° 0.025
3 1678.94 —11.17 22.67 —6.28X10° 1.24X107" —4.99x10° % —8.16X10° —1.637x10 " 5.93x10°  3.29X10° 0.023
4 1680.40 26.25 16.13  6.84X10 % 2.47X10° % —9.19X10 " 2.25X10°°  —9.18X10 ° —2.03X10 " 8.27x10° 0.022
5 1680.22  8.86 48.10 —6.53X10 * 1.79X10 " —5.81x10 * 1.66X10 7 —2.24X10 7 —3.87X10 " 7.74X10 ° 0.029
6 1682.75 19.07 42.42 —6.27X10°° 1.34x10°" —1.19X1077 1.99x1077 —2.78X10° " —7.59X10"° 1.83x107° 0.028
7 1678.31 30.18 27.36 —6.28X10° 1.55x10° " —3.21x107% 6.39x10°° —6.34x10° —1.01X10" —3.42X10° 0.027
8 1680.40 26.25 16.13  6.84X10°° 2.47x10°" —9.19x107* 2.25X10°° —9.18X10 % —2.03X10° 8.27X10° 0.030
9 1677.79 32.23 45.69 —6.67x10° 2.57x107" —1.31x107% 1.96x1077 —2.14X107 5.15X10° —4.70X10°° 0.028
10 1675.88 —2.51 37.10 —6.43X10°°% 1.09X10 " 2.59X10° % —6.74X10 % —1.28X10 7 9.89x10 ° —9.02X10 " 0.027

TE5E UK TE J K 5 D A7 36 T30 A D+ R 58 ®2 ERINUEBLER
56 bR b L IF LT 25 B2 0 10O 6 43 Tab.2 Measurement results of Pipe 1
EER R AR F OB A 2 B g SR Wi /)
A A7) - T £ 2 4 9038 2ok 22 I ST R A /mm S 1 S 2
WAL 0 R 5 0 3 S R 2 5 K 3 TR ! T 2602 38. 882

%Hﬁﬁiﬁxﬂjﬂ,‘]ﬁ:iﬁw,@1%55%%“(”, 2 711.068 2.588 39. 156
B BE VA I T A S AR R R S T zem o918
L5 PEUEAT VAT ik 5 e 5 2 (78 R I 17 oo T e 1078l
P43 A A 0 B 24 7% (00 2 ) 5 oo THLOw 2486 59167
U7 Sy 3L 5 I 5 4R 5 o T am o9 189
T 58 B A PF LT T 0] 23 7% A R B e 20107
0k, 10 ¢ T 5 300 45 9 10 49 6 400 % 4 R & IO 201 99089

S 437 00 5 25 SR 448 0T L) 6 A v T 2o 9902
S S 5 0 R O i 9 a5 o TS 2o o192

FHIME 711.093 2.578 39.276

B N o 05 2 B AT 1 mim, £ R G R 2 S
17 Pk, SEBr b N % AE G TR 0 SOKE B
7 1 o3 A3 Xt 15 S ROC IR AT R

H1 T R I A 7 i RE A 0 R RE 1A

Gray histogram

Gray histogram
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Fig. 24  Grayscale histogram of different luminances
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Tab.3 Measurement results of Pipe 2

BB/ —— )
Ui 3k 1 Ui 3k 2
1 211.712 28.763 117.612
2 211.714 28.786 117. 596
3 211.719 28.775 117.587
4 211.721 28.753 117.623
5 211.715 28.762 117. 605
6 211.711 28.783 117.588
7 211.739 28.866 117.576
8 211.720 28.793 117.624
9 211.718 28.854 117.532
10 211.721 28.831 117. 609
XA 211.720 28.797 117.595
R4 FAESETHNERRE
Tab.4 Measurement mean at different brightness levels
g Uit 45, 25 /mm I S A A/ (7)
¥ i 0.05 0.1
5 1.5 1
i 1.3 1.1

Uit Sk Ab 1 5 B A R X A R 1 A s R A
SN 25 s o 38 3k a5 2 453 A g 1L 1,
A B R i, DL A i A I A T R Tl R i
THT £ 58 A5 DA A B it A il 2 00 1)t 5 - TR 9 1)
St (18 e A TG o Sk Ak A RE G A 1 R HRAS O
W REAT A A A X P S Sk ) 45 SR 4
FE5~FK 6P

K25 sz s P AR 1A

Fig. 25 Point cloud of point measurement
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ST v 2 R B A S 1R 2 4 X Y B R
{H, H NG B SCoA 45 1 0 (TR 1Y 5 K D 22
G RS JBE X6 B AN 6 7 AN 8 T

RT mRAEBENEHEEN L

Tab.7 Comparison of end-of-line distance measurement

accuracy
R e BEENEE /mm XK /mm
AR 0.043 0.1
oL R 0. 026 —

®8 WmEVIHIAENEEERLL

Tab.8 Comparison of cutting angle measurement accuracy

HIRapES EERE/C) HFTRERE /()
ARSI 0.097 5 0.116
JeE STl 0.11075 —

x5 RAMEERINNEER
Tab.5 Point cloud measurement results of Pipe 1
X wide Ll sk 2 0
S 1 B /mm . .
/() FBEE/ ()
711.007 2.575 39.189

®6 REMNEER2HNELER

Tab.6 Point cloud measurement results of Pipe 2

ity Sk 190 it Sk 2 0
uity 453 B B /mm . .
AR/ (%) FEE/ ()
211.718 28.765 117.712

HI 3R 7 0] LU Y 78 I o el I 85 100 o A )
KGR 0,043 mm, 388 55 25 W 3 i st RS 3 W AIK 1L
MEEEERBME L EEMERERS. Sx
FREI B OB AL, I B T8I AN R HAE K
Eﬁﬁaﬁﬁo

HI 2 8 A LA Y, A Ay B2 0 = 1) 7 2 0 2
40,097 5°, 1M 55, 2= F 4l vF A0 T A I RS oA
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Tab.9 Comparison of measurement accuracy of different methods

W vk B E GG /mm B4R/ mm AEEEAFE/C)  RELWREE/C) R /min
AR 0.05 0.17 0.1 0.23 1
Mo ER A 0.08 0.2 0.15 0.25 5~10
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PR B AR S B e TG i B P B Ao
I A

®10 FEMENEFT EXTEE

Tab.10 Comparison of different visual measurement methods

IR RN Sk 257 T 5 5 K446 X i 22 /mm Ui st W) 2 £ JBE o R 4 0 i 25/ (7) SF- Y7 15 8] /min
k(8] 0.442 — 1.2
SCHkl14] 0.136 — 1.1
ARICT5 0. 100 0.116 1.0
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