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Shield Soil Discharge Measurement Technology Based on
Binocular Line-Structured Light
ZHANG Lanqing, HUANG Zhe, LIU Chengshuo, LI Chunyan

(College of Electronic Information and Automation, Tianjin University of Science and Technology , Tianjin 300222, China)

Abstract: Aiming at the problems of poor real-time measurement of traditional manual soil volume measurement and low
accuracy of electronic belt scale and LiDAR measurement methods, a shield soil discharge measurement technology based
on binocular line-structured light is proposed in this article. Line-structured light was introduced into the binocular vision
system, three-dimensional coordinates were then calculated after processing the imaging light bar of the line-structured light
to obtain the point cloud data, and the volume measurement was finally achieved by combining the cross-sectional area of the
soil with the odometer data. The experimental results showed that the relative error of the system was less than 2.01% under
laboratory conditions, and the relative repeatability measurement error of the standard model with a volume of 2 500 cm® was
less than 2.39% under the condition that the conveyor belt ran at a speed of 0.515 m/s. The method is less affected by the
environment of the construction site and has high measurement accuracy, which meets the needs of on-site soil discharge
measurement.
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Fig. 1 Schematic diagram of soil pressure balance shield
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Fig.2 Schematic diagram of binocular vision measurement
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Fig. 3 Layout of binocular measurement system
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Fig. 4 Structure-light bar image
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Fig.5 Schematic diagram of soil cross-section area
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Fig. 6 Calculation model of soil cross-section area

AR AT ARG REGHE T Rris B, ]
SRAFIZ XA AL, Ry
Sy=["f(0dx 17)
XAy I B B A AR AR T 20, AT SR AR % 2]
HI PSR R, A

n—1
Sload = Z SA:‘ (1 8)
i=1

FAMBREEE Ha0k Hs5y

Uy NP o S el v w2 AT G =2
§= Scmp = Sioad 19)

BOWH AR BRI R Z 1] (g s [R] T B 7,
FH Z i s AR E AL R B A T HRE S v, DUDAH 4R 7 ot ]
8RR U 18] [ B N A% 287 608 | BT RO A vt o
MR A IR SN 2 B E AR S S )T
ALSRARAERT A B N5 Fas i AR V.
S +8.), (S+S.)

3 I= 3 V-t

Xof — B Bif ) Y 2 g8l i AR BT v, iE AT R

i, BRA] AT Sk TR Y

n-l
v=> N
i=1

(20)

)l

3 SLIRIIE

31 BXEHMIE

FEI e B R AR A UG W i R v, AL R
JEE 2 XoF PRV 1) A5 o o i o — o 5 ), R A I
JIT R A R 2015 AN T B 5 B, & BRI &
I LB A0 o AR S SR FH IR B TR ] 1 =
X R B A A Ak

FESCI T R R, AR PR RS, Y 1
BT E ARG FE P, IO RS 0L
PEFERETY 1 b, 72 100 ~ 1200 ps 78 B X AHBLEG
W S ) R A 79 o 20 b R v 22 AR AL R 4 21 1
AyPEMRANFE 7 B o

E7 AREELHE TR RE K

Fig. 7 Images of light strips under different exposure times
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Tab.1 Experimental data for cross-section area meas-
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Tab.2 Measurement data of soil volume

urement of objects under different exposure times Fe IR {f/em’ P /om® RE/em®  PREEK/Y

WG A]/us AT/ mm’ HIRFRZE % 1 4549.71 4497.00 52.71 1.172
100 9 850.11 -1.50 2 4937.38 4997.00 -59.62 -1.193
300 9 872.65 -1.27 3 5455.16 5535.00 -79.84 -1.442
500 9 892.18 -1.08 4 29 059.59 28 779.00 280.59 0.975
600 9923.77 -0.76 5 3653.77 3611.00 42.77 1.184
700 9932.64 -0.67 6 4 030.66 3 964.00 66.66 1.682
800 9971.89 -0.28 7 15 263.05 15 019.00 244.05 1.625
900 10 023.02 0.23 8 6644.13 6 582.00 62.13 0.944
1 000 10 087.65 0.88 9 20 532.50 20 617.00 -84.50 -0.410
1100 10 102.75 1.03 10 13 887.88 13 615.00 272.88 2.004
1200 10 143.09 1.43
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Fig. 8 Soil discharge measurement test bench
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Fig. 9 Experimental results of repeatability measurement
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Fig. 10 Schematic diagram of on-site installation
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Tab.3 On-site measurement results

il S/ : .
5553 ﬁl /mzf S WEA IRER%
1 1660.4 1 746.80 1740.30 —-6.40 -0.37
2 924.4 972.50 999.56 27.06 2.71
3 16224 1706.90 1759.32 52.52 2.99
4 571.1 600.80 617.80 17.00 2.75
5 897.4 944.10 959.54 15.54 1.62
6 1698.8 1787.20 1751.18  -36.02 -2.06
7 1658.6 1 744.90 169236  -52.44 -3.10
8 1693.7 1781.90 176520 -16.50 -0.93
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