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Rapid Position and Pose Measurement Method for Segment Girder
Formwork in Precast Girder Yard
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Abstract A rapid formwork position and pose measurement method based on computer vision techniques, such as three-
dimensional reconstruction and image recognition, is proposed to address the time-consuming, labor-intensive, and
inefficient problems of traditional position and pose measurement methods for segment girder formworks in precast girder
yards. Experiments are conducted inside and outside the laboratory to investigate the influences of common factors at the
engineering site on measurement accuracy, and the shooting conditions for obtaining high measurement accuracy are
summarized. On this basis, the feasibility and applicability of the proposed method are verified through experiments at
actual precast girder yards. The results show that the proposed method can measure the position and pose of segment
girder formworks quickly, easily, and inexpensively in addition to meeting accuracy requirements.
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recognition; measurement accuracy analysis
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Table 1 Parameters of collecting device

Parameter Description

Price of .
. 4499 (CNY)
equipment /yuan
Weight of ) )
: Approximately 196 (with battery)
equipment /g

Rear main )
. 4X10% (f/1. 8 aperture)
camera /pixel
Supporting up to 7296 pixel X
5472 pixel,
3648 pixel X 2736 pixel in regular

mode

Photo resolution
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Table 2 Comparison of open source libraries for 3D reconstruction stage

Level of open

Software Positioning Cost Maintenance Documentation
source
) . Enabling image-based 3D Some modules Free for personal, non-commercial,
Visual SFM . . L Personal Less
reconstruction open source academic applications
Enabling image-based 3D Fully open N .
Bundler ) Free for non-commercial use Personal Less
reconstruction source
. Multi-view geometry Fully open ) . .
Open MVG . Free for non-commercial use Groups Enrichment
library source
ContextCapture Bentley's software Not open source Business software Groups Enrichment
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Fig. 4 Schematic diagram of baseline calibrator
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Fig. 5 Illumination conditions on site
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Table 3 Measurement accuracy under different illumination

conditions

Illumination

Light intensity /Ix N M., /pixel
condition
2500 Shady 0.357
15000 Shady 0.397
45000 Direct sunlight 0.171
80000 Direct sunlight 0.657
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Table 4 Measurement accuracy under different background features

Category

Description

M, /pixel

Number of images: 6;

Less feature plane in group 1

running time: 1. 52 min

Number of images: 6;

Multi-feature plane in group 1

running time: 2. 83 min

Number of images: 5;

Less feature plane in group 2

running time: 2. 87 min

Number of images: 4;

Multi-feature plane in group 2

running time: 14. 32 min

number of reconstructed point cloud points: 849;

number of reconstructed point cloud points: 3851;

number of reconstructed point cloud points: 197;

number of reconstructed point cloud points: 19429;

Minimum value: 1. 609;
mean value: 2. 300;
maximum value: 3. 146
Minimum value: 0. 202;
mean value: 1.106;
maximum value: 2. 167
Minimum value: 0. 657;
mean value: 0. 784;
maximum value: 0. 883
Minimum value: 0. 115;
mean value: 0. 277;

maximum value: 0. 392

S5 R AR ELAT A RRAE I R R L AE A
22 REAIE A I 2 P B b R A B B BE % O 4 b A
AT BB A A5 BEORS Aff %) FE ATLASE 5 R 0 A B (LU )
(i) 18, 25 I A 1 50 1% 348 0 i AH O 3 o

PRI ik, 7 T i) 52 37 v g6 4 7 000 6 e, B A B A 0 A
0B AR R 228K N LGB B 48 2 RR R TS S rp ke A B
e R Al e | fA] B A AR RRAETY b . A0 Tk kA
AR S, AT AR FR I X3 A A R AE A DL
UE I R B . A7 B R AR 22, 00 AT 3 2 ok 2 1] R B
5 DA/ I ]
3.3 HBERRH=E

Z 5 3D = K R B S 0 I RS B R As 1T B
[i) 7™ A S ], DAL O AT o PR T T R 5 o i YA Y
R o A 5T A 52 50 % A0 ik BUHh 1T 37 b T R S 58  B
e 4 AW IR AR B FE A W) O6 T B A (R 3 )
HomE R B . REBIER IR S E N 2.5 m, 45
Fric s S bR AR N 15 em, HAEE B b i B AR N 70~
130 pixel, % 4 i Ax i s BIAHEE 1. 2~1.5 m. BN
PR B0 W0 LA A AR T4 BT 0 R A A i s g

WmE 7 s

P07 5286 B A 045 07 B A bRC a3 (0] B

Fig. 7 Shooting position and marker point location of test site
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Fig. 9 Tllustration of optical axis angle
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Fig. 10 Experimental site of camera optical axis angle factor
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Table 5 Measurement accuracy under different optical axis angles

Group No. Angle of optical axis /(°) M., /pixel
Centre marker points: 0-5; Mean value of centre marker points: 1. 783;
1 inner circle marker points: 5-15; mean value of inner circle marker points: 2. 012;
outer ring marker point: 15-25 mean value of outer ring marker point: 2. 477
Centre marker points: 0-5; Mean value of centre marker points: 0. 902;
2 inner circle marker points: 5-15; mean value of inner ring marker points: 0. 975;

outer ring marker points: 15-30

mean value of outer ring marker points: 1. 168

PRI, 7 U ) 3% 37 v A 0 I BT A K PR o
B 155 D0 X R T IR v e I R 1 30T A DL Bl e £

A R D DX IBRCE R, TR A1 R R R R A B
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Table 6 Results of measurement accuracy verification experiments

Actual 3D coordinates of marker point

3D coordinates of marker points

Point No. ) ) Deviation /mm
read by calibrator /mm obtained by proposed method /mm

1 (300.0, —240.0, 0) (300.7, —240.8, —0.8) 1.3

2 (540.0, —240.0, 60.0) (543.3, —241.7,58.7) 3.9

3 (540.0, 60.0, 0) (542.4,58.8,0) 2.6
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Fig. 12 Precast girder yard validation experiments

baseline calibration

point 2

(5]

point 4

point 5

E point 6

point 7

point 8

13 dmibric S0 &I O
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Table 7 Results of precast girder yard validation experiments

Actual 3D coordinates of marker point

3D coordinates of marker point

PointNo. Group No. read by calibrator /mm obtained by proposed method /mm Deviation /mm
) 1 (—207.0, —1076.0, —92.0) (—210.0, —1074.1, —91.9) 3.6
2 (—207.0, —1076.0, —92.0) (—207.2, —1075.6, —95.0) 3.0
1 (—458.0, —604.0, —92.0) (—461.1, —600.7, —92.7) 4.6
? 2 (—458.0, —604.0, —92.0) (—460.3, —600.3, —94.3) 5.0
s 1 (—545.0, —1259.0, —115.0) (—547.4, —1253.9, —109.6) 7.8
2 (—545.0, —1259.0, —115.0) (—549.3, —1254.3, —111.8) 7.1
A 1 (—800.0, —786.0, —115.0) (—802.1, —781.4, —116.5) 5.3
2 (—800.0, —786.0, —115.0) (—804.7, —782.2, —119.7) 7.7
1 (—448.0, 211.0, 48.0) (—444.9, 208.2, 47.4) 4.2
° 2 (—448.0, 211.0, 48.0) (—448.3, 207.7, 48.4) 3.3
1 (—738.0, 316.0, 119.0) (—735.0, 315.4, 114.9) 5.1
0 2 (—738.0, 316.0, 119.0) (—733.8, 315.6, 117.4) 4.5
1 (—762.0, 40.0, 46.0) (—758.8,39.1, 43.6) 4.0
! 2 (—762.0, 40.0, 46.0) (—762.9,39.3, 44.5) 1.9
1 (—1254.0, 51.0, 118.0) (—1250.6, 52.2, 114.0) 5.4
’ 2 (—1254.0, 51.0, 118.0) (—1257.3,52.7, 114.9) 4.9
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Table 8 Performance comparison of common measurement methods

Parameter

Proposed system

Total station Laser scanning

Instrument cost /yuan 15000 (CNY)

Instrument weight /kg 0.2
Indoor measurement accuracy /mm 5.0
Field measurement accuracy /mm 8.0
Measurement time /min 4.0
Calculation time /min 6.0
Multi-point measurement Support
Personnel requirement Single
3D coordinate measurement Support

50000 (CNY) 300000 (CNY)

3.5 6.0
5.0 1.0
5.0 1.0
15.0 2.0
10.0 3.0
Unsupported Support
Double Single
Support Support

Cos I A7 Wi T R BLJE ) JTG/T 3650—
2020)" SR AT BE AR 2 % 1 B b g AR Rl 2K 17
B A28 A 22 0 7 — 10~10 mm VAN, BF S8R 4E 19 1 H
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A TR R . S LA AR 5T R N A 3 T
BCHLABE A0 I e s B ARG 0 e e R P A A
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B R M 28 25 0 i AR B R g S v, B R DT TE AR
Al (SO B BE S 35 4 5000 DL B A I & i (E] | AR 80 2%
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R TTEANESHOCH IR BE S 1Y 4 9500 B BE AT AN (IR
8020 LA LBy AS ik .tk Ah, B AE THLEA E B A M
2% 18 15 D RE , A% i KCH A0 R 7R R B A S T 6 .
I, A BT 5T 41 R R ORE B B 48 J7 Tk 5 SR A R A
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