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Networking method of multi-view stereo-vision measurement network

Qiao Yujing, Jia Baoming', Jiang Jingang’, Wang Jingyi
(Institute of Mechanical Power Engineering, Harbin University of Science and Technology, Harbin 150000, China)

Abstract: Stereo-vision network measurement was the core technology for 3D measurement. In order to ensure
the full coverage and reconstruction accuracy of 3D reconstruction, the camera needed to be intensively shot
during the measurement process, resulting in slow 3D measurement and large calculation.Therefore, a multi-view
stereo-vision measurement network networking method was proposed to solve the above problems. Firstly, the
object model was obtained by SFM technology (motion recovery structure), establishing the ellipsoid reference
coordinates, estimating the optimal distance between the camera and the object to be tested, and arranging the
initial viewpoint position. Secondly, the minimum number of cameras, to achieve full coverage 3D imaging, was
filtered based on visual constraints to cluster analysis and loop iteration of the initial viewpoint. Finally, the
measurement experiment was carried out, and the ellipsoidal measurement network with the lampshade as the
object to be tested was arranged. The comparison of the number of cameras, coverage and measurement accuracy
with the spherical measurement network was carried out at different depths of field. The experimental results
show that 22 viewpoints are selected through the final iteration of the method, so that the coverage rate reached

100%. The standard deviation of the measurement accuracy was stable to 1.1 mm and the measurement efficiency
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was significantly improved compared with the spherical network. The original appearance of the object to be

tested was restored through the 3D reconstruction of the lampshade rendering, which verified the feasibility of the

proposed method.
Key words: stereo-vision measurement network;

dimensional reconstruction
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(b) Ellipsoidal network
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Fig.1 Visual measurement network model
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Tab.1 Constraint formula and description

Constraint formula Description

k: Number of images taken per viewpoint (take a picture of one of the viewpoints in this article) ;s,: Specified
Do f Vk L . . o P
Dgcale = : precision quantity; o7;: Image error; ¢: Design factor (0.4-0.7), (set to 0.6 in this article) ;Dp: Maximum length of
95pi object to be measured
) Dyy: Size of object to be measured (the minimum distance between two points on the object to be measured is
Dhresolution = S Dros sin(6) designed by the operator in this article); Dys: Image size of the object to be measured (the minimum distance
resolution Ires Diis between two points in the image is 1 pixel in this article); Ire,: pixel 6: Angle between the optical axis and the
object to be measured (that is, the table point of the object to be measured),the parameter is set to 90 ©
Dy sin(a + 6)
PRV = " sin@)
0.9do a: Half the angle of view ;dp: Minimum number of frames in an image; f: Focal length
a= arctan( )
2
Doptimum = Daverage = (Dmax + Dmin) /2 (3)
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Xi = ((,l + Doptimum) COS(CZ,-) Ccos (ﬂl)
{Zi = (C + Doptimum) Sin(ai) COS(ﬂi) (4)
Yi = (b + Doptimum) Sin(ﬂi)
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Fig.2 Camera position layout diagram
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Fig.3 Schematic diagram of the normal vector of the triangle
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Fig.4 Viewpoint simulation result distribution diagram
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Fig.6 Shade point cloud and ellipsoid initial measurement network
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Fig.7 Image of three viewpoint positions
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Tab.2 Camera ci,cy,c3,c4calibration results
Image Camera ¢ Camera ¢) Camera c3 Camera ¢4
Camera
internal 681.12 0 665.31 698.84 —-0.98 575.79 670.41 0 615.31 670.41 0 615.31
interna
0 682.26  520.75 0 649.04 510.23 0 662.23 5124 0 662.23 5124
parameter
. 0 0 1 0 0 1 0 0 1 0 0 1
matrix(K)
Rotation -0.9904 0.0527 -0.1490 -0.9519 -0.0464 -0.2531 -09519 -0.0464 -0.2531 -09519 -0.0464 -0.2531
trix(R 0.0056 -1.0639 -0.3078 H 0.083 8 -0.8819 0.0922 l 0.0838 -0.8819 0.0922 H 0.083 8 -0.8819 0.0922
matrix(R) -0.1384 -03035 1.0533 -0.2949 0.0824 0.8433 -0.2949 0.0824 0.8433 -0.2949 0.0824 0.8433
390.31 101.54 289.23 289.23
Translation
l 2.71 l l 250.36 l 160.76 } l 160.76 l
vector(7T")
1.06 201.13 111.13 111.13
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Fig.8 Measurement network for aperture f/1.4,//2.0,//2.8,f/4.0
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Tab.3 Camera number comparison

Aperture fl1.4 12 2.8 fa f11 1116
Spherical network 84 42 30 30 30 30
Ellipsoidal network 68 30 22 22 22 22
Quantity difference 16 12 8 8 8 8

Efficiency improvement rate 19% 28% 26.7% 26.7% 26.7% 26.7%
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Fig.9 Coverage comparison chart
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Tab.4 Comparative analysis of precision data

Aperture 1.4 f2.0 2.8 4.0 11 116
Spherical network 1.389 1 1.3520 1.3584 1.309 8 1.3286 1.3304
Ellipsoidal network 1.1156 1.102 3 1.136 5 1.1110 1.1530 1.154 1
Accuracy difference 0.273 5 0.249 7 0.2219 0.198 8 0.175 6 0.176 3
Accuracy improvement rate 20% 18.5% 16.3% 15.2% 13.2% 13.3%

35 ZURABEARNENKAN TH=ZHEZ
T RE A BT WL S E SO B Y 2 R A

L 008 o0 24 2EL I 77 2k R e A B, X AT A

TR R BRIE 100 288 RN ERAE 0 26 7330 A 5 i e R AR, A1)

FH 0 i 0 285 SR AR SR AT = HE T, AP 10 FTom,
P (a) S BRI 25 F AR ], €] (b) A AERIE I 6
MEA,

WAL 10 Rl LA E LR, 7 L SCRr iR o ¢

20190492-7



ISk A2

www.irla.cn

10 4T E =2 A

Fig.10 Three-dimensional reconstruction of the lampshade
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