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Parameter measurement of cross-linked polyethylene cable joint
based on three-dimensional point cloud segmentation

Deng Lei'” Liu Guihua"® Deng Hao'> Zhou Binghong'’

(1. School of Information Engineering, Southwest University of Science and Technology, Mianyang 621010, China;
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Abstract: Aiming at the problem that the existing parameter measurement methods are difficult to effectively measure the parameters of
cross-linked polyethylene cable joint, a cable joint parameter measurement method based on three-dimensional point cloud segmentation
is proposed. Firstly, radius filtering and random sample consensus ( RANSAC) algorithm are used to remove the noise points and
preprocess the coordinate alignment of the cable joint point cloud obtained by the composite 3D scanner. Then, the RANSAC algorithm
is used to fit the cable joint point cloud to a circle, and the rough segmentation is realized according to the mutation characteristic of the
ratio of radius variance of adjacent fitting circles at the regional junction, so as to obtain multiple local point clouds containing regional
junction points. Next, the normals of the local point clouds were estimated using principal component analysis, and the regional junction
values were derived from the jump characteristics of the axial angles of the point clouds at the regional junction points and the adaptive
threshold algorithm. Finally, a statistical analysis of the junction values of the same area obtained from multiple strip point clouds was
carried out to achieve a fine segmentation of the cable joint point cloud and complete the parameter measurement. The results of the
measurement experiments on several cable joints show that the absolute error of the proposed method is less than 1. 0 mm and the relative
error is less than 4%, which demonstrates the validity and accuracy of the method for measuring the parameters of cross-linked
polyethylene cable joint.
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Fig. 2  Schematic diagram of point cloud coordinate alignment
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Fig.3 Schematic diagram and physical image of cable joint
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Fig.4 Variation of fitting circle radius of cable joint point cloud
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Fig. 10  Diagram of measured parameters of cable joint
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Table 1 The explanation of measured parameters

and calculation method of cable joint

ke B S8 X B SHT 1
A, b G e At ) 55 2 2y =2,
Ay R 246 25 1) v i Zy =7,
Ay IS i 1 5 7, -7,
Ay P 2F S FL fl ] g Zs —Z,
As SRS Zs — Zs
Aq S FELR ) 7, - 2,
E(x)=x x (12)

E(x)=[1 E(x) 1 /x"] x 100%

A E(x) NHXIRZE, E,(x) NFXRZE, «° gl
SRR, o SIS, P N T e B4 3k iR 6 1
x" Y R IR R AR X ) 2 Tl B R N B
b AR R RCAE TTOH 22 kO & WP X R AR RS
1L.Omm, [ 11 HER T 24 s 45 e Sk 1Y Xl o B ROCR
(ARBEARATR X)) |32 2 B 11 X0 0 HL 4543k 1
SRR ER KR (1) H d = 0.75(mm) ,30(2)
E=20,2(7)H T=0.03,(10) P e=9° K (11)Hr=
0.6,

M 11 AT LUE | I R AE X AR R BAR N 51 4T
FA) P, 28 4 Sk R A i ) s v e Sk AT IX I L 1
REUS B0 1Y 4 FIROR |



204 - S 1[I I IV = 3

5536 4%

[ Jr=]

(a) BARA BT Bk Ml s AP R R
(a) Point cloud of joint polished by technician 1 and its
segmentation result

e

(b) BARN RAT Bk i B R I HI G R
(b) Point cloud of joint polished by technician 2 and its
segmentation result

- | e

(o) BAE RS ik R m R H A FI4E R
(¢) Point cloud of the standard size cable joint and its
segmentation result
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Region segmentation of cable joints point cloud

Fig. 11
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Table 2 Measurement results of cable joint parameter
B NGRE) = SSU e
A 4, A, A, As Aq
Wit 40 205 55 10 30 340
x* /mm 44.5 202.5 58.5 9.5 31.5 346.5
x/mm 45.4  203.3 57.6 9.7 30.6 345.7
E(x) /mm -0.9 -0.8 0.9 -0.2 0.9 0.8
E (x) 2.0% 0.4% 2.0% 2. 0% 3.0% 0.2%
BRI 2 $T s He el 45 %
x" /mm 42.5 203.5 57.5 11.5 28.5 343.5
x/mm 43.3  202.6 56.7 11.9 29.3 344.3
E(x) /mm -0.8 0.9 0.8 -0.4 -0.8 -0.8
E (x) 2.0% 0.4% 1. 0% 3. 0% 3.0% 0.2%
T b o L B 0k s 2 1 5 2R

x* /mm 40 205 55 10 30 340
x/mm 40.2 205.3 54.8 10.1  29.9  340.4
E(x) /mm -0.2 -0.3 0.2 -0.1 0.1 -0.4
E.(x) 0.5% 0.2% 0.4% 1.0% 0.3% 0.1%
N T S B/ 4 10
SR R/ 4y 0. 47 ( =ZRBIA R4 £ 890 000)

FH 2% 2 H5s T 0, AR SO B 530 vk 0 RS b v 1 e 48
B3k S S AT S RO B N 2 %R 228 T 0.5 mm R X
R 22/INTF 2% , XA R4 AR N B3 FTBE (1757 B 1 L 4
B PEAT S0 R A %R 22 28 F 1.0 mm A X
WREL/INT 4%,

BEAI, Sk R 7% JIF i B 1k mp S 2 5O I i 5
FsEmm A SO (D) h LA R B 45X (10) ThSc A
JE @ 1) B R B r A A AR By 0 ] — B AR
N GUET B 0 L 42 3 0 2 IO Ty Al v s B ( 2 AR
GRS 4 {H 57,5 mm) K Ah2F S i i 3 i e v
(ZAHEARN G - 2ME . 43,5 mm) 47 T 00 2 K iR
T, LR EE R AR 3 4.5 PR,

®3 WEEBREJNNEBENFMN(r=0.6,0=9)
Table 3 Variation of measurement accuracy depend on the
height of fitting circle d (r=0.6,¢=9)

d=02 d=05 d=075 d=1 d=125

Ay/mm 59.36 55.68 57.96 58.32 55.19
E(x)/mm  -1.86 1.82 -0. 46 -0.82 2.31
A;/mm 40. 31 45. 86 42.76 45.18 39.67
E(x) /mm 3.19 -2.36 0.74 -1.68 3.83

H 2 3 Bds T, B 0L (B s B o R B AR O,
TSR ETHE RS 3ok i T d e, 2
S BRHUG S S BEUG IR ZERR H 5 32 W 50
M7 d 3 R 3G R D UG AR 7 22 Z iR 2%
N

R4 HMEBE o HNERENTM(r=0.6,d=0.75)
Table 4 Variation of measurement accuracy

depend on the strip angle ¢ (r=0.6,d=0.75)

¢ =3 =6 =9 =12 ¢ =15

A;/mm 53.97 54.89 57.96 57.16 57.39
E(x) /mm 3.53 2.61 -0. 46 0.34 0.11
A,;/mm 46. 68 41. 64 42.76 42.63 42.56
E(x) /mm -3.18 1. 86 0.74 0.87 0.94

IR 4 Bla al /0, el 2 A @ i/ VEE R R
BRI RS 20 E I TRE X 2 T e /b,
SRt/ N R s 5D I A b SR R (H 2 i 2%
FEE @ FREEH RIS SRS i iOFE ], S 80 1
XF R R BT THERE 0 T K, DRI 7E X i 8432 Sk S804 T
IERHZIEBN 9°,

RS LBIRY r HNERBEHRM (d=0.75,0=9)
Table 5 Variation of measurement accuracy
depend on the ratio r (d=0.75,¢=9)

r=20.2 r=0.4 r=0.6 r=0.8 r=10

A;/mm 49.23 51.79 57.96 58.36 56. 69
E(x) /mm 8.27 5.71 -0. 46 -0. 86 0.81
A,;/mm 51.36 49.37 42.76 43.38 —
E(x) /mm -7.86 -5.87 0.74 0.12 —

I 5 BllEal 0, 25 Lo 2R 80 r /NS RIS, SRS
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