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Abstract

The “four pipelines” of thermal power plant have been operating under high temperature and
high pressure for a long time. During the perennial operation of the unit, due to the existence of
peak shaving and other power tasks, the pipelines of the “four pipelines” will creep and produce
displacement. Hence, the monitor of pipelines is needed to ensure the safe operation of the unit.
A non-contact online measurement system is advanced in this paper to improve the measure-
ment accuracy and reduce the measurement time, so as to achieve the purpose of high-precision
three-dimensional pipeline displacement real-time monitoring. The system used two cameras to
capture the chessboard grid target fixed on the four pipelines, and the captured image is processed
by deep learning neural network, so that the system could be used in the measurement of actual
environment without the process of distortion and binocular correcting of cameras after calibra-
tion in the laboratory. While realizing the high-precision monitoring of the three-dimensional dis-
placement of the four pipelines, the measurement operation was more concise and the degree of
system intelligence is further improved. The experimental results showed that the standard devi-
ation of the system is less than 0.24 mm, the displacement measurement error is less than 0.3%,
and the single point measurement time is less than 0.1 s. It was a set of measurement system
suitable for high-precision three-dimensional displacement real-time monitoring of four pipe-
lines.
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Figure 1. Schematic diagram of image plane conversion
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Figure 2. Schematic diagram of ideal measurement model
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Figure 3. Schematic diagram of binocular visual depth perception
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Figure 4. Schematic diagram of neural network model
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Figure 5. Measurement system compaosition
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Table 1. Lens focal length required at different distances
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FE (mm) 55.78 49.64 4421 39.64

PR 55 (m) 10 9 8 7
FE (mm) 342 30.78 27.36 23.94
#6755 (m) 6 5 4 3
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L MNEWAR
2
ﬁﬁ%ﬁmu:f&
f°+FolL
2
E%iﬁALZ:ZFLL
f—FolL

PN AN EBESEGE IR, SRR ANEEICE TSR X IR R . Z8 S PRI - A
FRAREE ) T AR R ST 2958 40 x 40, XFREHISERR RSN 2 cm x 2 cm, BN R B 1 SR RSE N
0.5mm, X85k AN 50 mm, FEEN 10 m, FrbUEITRSFZ08 2.5 um, 9RELE AN 5 um. SR

Kb o —HFVFIRHE EAR;

F—8ik iR,

F—8i3k oG

L——4ERE;

ALl ——H 5K
AL2 — 5 5tk

BIRAL=ALL+AL2 =

AL — 5%,

B AR 58BN A 10, " DS BN 2 FAFREE R RIRZ KR R .

e, AcHeR A 8 mm Bk & .

2f2Fol?

f4_F25212

Table 2. Focal length and depth of field parameters at different distances
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(10)
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Figure 6. Target and identified corners
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Figure 7. Schematic diagram of system calibration
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Figure 8. Flowsheet of laboratory calibration
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quency distribution histogram; (c) z coordinate error frequency distribution histogram
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Figure 12. Schematic of several occlusion methods with different displacements. (a) Original target; (b) O mm translation;
(c) 20 mm translation; (d) 40 mm translation; (e) 60 mm translation; (f) 80 mm translation
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Figure 13. Verify measurement results on site
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Figure 15. X-axis displacement of three pipelines in one day
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