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3D Reconstruction Technique of Pipe Based on Centerline Matching

ZHANG Tian' 2 LIU Jian-Hual'? TANG Cheng-Tong!? LIU Shao-Li*?

Abstract For the problem of low efficiency of 3D reconstruction of pipe in the industrial field, a 3D reconstruction method
of pipe based on centerline matching is presented. First, the centerlines and edges of the pipe are extracted from pipe’s
gray-level images. According to the principle of stereo vision, non-uniform rational B-spline (NURBS) curve is chosen as
a description tool and matching primitive. The spatial centerlines of the pipe are reconstructed based on the perspective
projection invariance of NURBS curve, and the external diameter of the pipe is calculated through the extracted edges.
Finally, the pipe’s CAD model is reconstructed by 3D modeling technique. Compared with the existing methods, the
proposed method has the advantages of high efficiency and simple operation. It is shown through experimental results
that the time of 3D reconstruction is within 1 minute, the re-projection error is 0.284 pixel, the measurement error of end

points is 0.242 mm, and the measurement error of external diameter is 0.158 mm.
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Table 1  External parameters of stereo cameras

HIBL ekt fa I (°) PR (mm)
7t [335.057 359.174 282.560] [35.116 65.549 1300.460]

4 [337.221 351.940 357.877] [—17.178 50.806 1280.510]

e, RIELAPIETE 1 MK RS (B
FRSF 1388 1% x 1038 14 %), Bilfe A4 KB
R 1 il gg S a0 R, WK 15 k.
W G HAA R FE R AME RS 8 15.158 mm,
74 1.053 %.
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(a) ZeBEG L3RRI LR

(a) Feature lines extracted from left image

(b) A7 5 LS BRI IE 2L

(b) Feature lines extracted from right image
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Fig. 15 Extraction of pipe 1’s feature lines
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Fig.16 Pipe 1’s reconstructed 3D model
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Fig. 17 Other pipes’ reconstructed 3D models
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Table 2 Average distance of closest points on single pipe

RS il (pixel) FiH (pixel)
1 0.261 0.284
2 0.226 0.258
3 0.241 0.272

[ IR PO EER ER X (M EEBR AR 38.1 mm, K
J& 20 pm) B IN R SE K A 1~ 3 P I I
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Table 3  Reconstructed coordinates of

pipe’s end points (mm)

AL bR YA WO A YR %
941 EN X 312.012 312.252 0.242
T BN Y —347.786 —347.548 0.238
FE 1 Hh Z —7.618 —9.368 0.175
S 1 B X —314.072 —313.876 0.196
SR Y —174.204 —174.348 0.144
SE 1 R Z —115.910 —115.688 0.222
S 2 "l X 191.268 191.483 0.147
SE 2 HinY —259.137 —259.263 0.126
SE 2 Wi Z —39.796 —39.615 0.181
S 2 B X —373.737 —373.505 0.232
T2 B Y —522.485 —522.652 0.167
T2 B Z —14.652 —14.672 0.102
D3 Hu X 232.502 232.324 0.178
F4 3 B Y 96.321 96.548 0.227
93 Bt Z —5.837 —5.983 0.146
G4 3 RN X 175.845 175.649 0.196
T4 3 B Y —174.133 —174.348 0.215
T8 3 R Z —7.270 —7.112 0.158
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Fig. 18 Branched pipes to be reconstructed
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Fig.19 Extracted and segmented centerlines in the

stereo images

N T EAEEREL, RET 5 DAL LRIK
(K190 32 MR, REA A7 AR AE 0 2 A RE AL

BT SRR, 45 R WK 4. PR N A PR IE
FE 1 rBh . AT I, S T VARENS LU R CR AN
FEPESEILI> 3T I = e

M R 0 S B DL R bR L LS
=B BARE AT R, N A R SR iR 22
PRI A AR =28 (Wl 21 BioR): 1) drg iz, &
SRR R B A AR IR ZE DL R bR E R IR 22



41 GRREE: T oKL S8 = gEERH A 747

2) LRz, TG BIARIE IR ZE S L
FEMGRZE; 3) HHIRE.

K20 EEWISCTE YRR
Fig.20 3D model of reconstructed branched pipes
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Table 4  Average distance of closest points on

branched pipe

I3RS 7 (pixel) AH (pixel)
1 0.256 0.147
2 0.242 0.275
3 0.284 0.201
4 0.179 0.213
5 0.254 0.230
— FRE R AR RE
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{ =gRE
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Fig.21 Error contributions of pipe 3D reconstruction
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Fig.22 Error transmission of pipe 3D reconstruction
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