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Images and geometric model registration in 3D reconstruction
of small objects

Zheng Shunyi, Wang Xiaonan
School of Remote Sensing and Information Engineering, Wuhan University, Wuhan 430079, China

Abstract: Objective Because the digitalization of real objects often entails the texture mapping of the 3D geometry model,
images-to-geometry registration is indispensable. The geometry of the target in close-range photogrammetry is complex, and
the shooting angle of the image changes largely, which makes images-to-geometry registration difficult to process. Tradition-
ally, a single image is registered with a geometric model by manually selecting the corresponding points. Thus for tens of
images this processing can be very time consuming. For efficiency, the position and orientation of the multi-view images can
be unified in one coordinate system at first. However, this process is also difficult because of the complex and uncertain
background in close-range photogrammetry. Method To this end, we put a plane calibration board under the target while
taking images, and use the camera calibration to get both, the internal and external orientation parameters; thus, the multi-
view imagesare placed in one coordinate system. The unified coordinate system means when the registration parameters of
one image are known, the registration parametersof all other images can be calculated through the relative positions and ori-
entations among them. Then, at least three groups of corresponding points are manually selected, and the registration pa-
rameters are calculated by using the absolute orientation. The achieved registration parameters are not precise enough but

can be used as an initial value. Finally, by making the normalized mutual information between multi-view images and the
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diffuse rendered maps of the geometric modelas a similarity measure, we use Powell’s nonlinear optimization method to get
the precise registration parameters. In the final process, we optimize all images together, while the traditional methods op-
timize each single image separately; the difference is we have only 7 parameters for all images, but the traditional methods
have 7 parameters for each image. Result The experimental results show that using the calibration board we obtain robust
internal and external orientation parametersof multi-view images, and after the absolute orientation process, we find obvious
gaps between the images and the rendered maps. However, after a normalized mutual information based optimization
process, the gaps are significantly improved. The typical total registration work takes about 10 minutes, in which there are
4 minutes for manual work and 6 minutes for computation; by contrast, the fully manual texture-mapping work by using the
commercial software-Cinema4D takes nearly 4 hours. Conclusion Registration between multi-view images and geometric
model compared to registration between single image and geometric model, the workload of manually selecting corresponding
points is greatly reduced. The errors of manually selected points can affect the accuracy of absolute orientation, but after
using normalized mutual information based nonlinear optimization, we can still get precise registration parameters. The nor-
malized mutual information based nonlinear optimization can also be used for single image-to-geometry registration, but for
multi-view images the method is more robust. The optimization method has one drawback: it requires the geometric model
has a high quality. This is because the normalized mutual information has a close relationship to the surface’s normal vector
of the geometric model. This drawback can be avoided by using high accurate 3D scanners.

Key words: 3D reconstruction; texture; geometric model; registration; mutual information; nonlinear optimization;
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x1 BEIBRENAFLTE
Table 1 The internal parameters of camera calibration

28 fH 28 fH 28 fH

f 3078.31 k, -9.812594 x107° k, 1.234563 x 107"

% 8.52 P 1.115947 x 1077

¥o 8.70 P 3.534274 x10°°

x2 BEIRERMGELTE
Table 2 The external parameters of camera calibration
wig Xs,,/mm ¥s,,/mm Zs,,/mm Pua/ IE wy/ IR Kyg/ I

0 126.82 -294.77 270. 18 -0.4474 0.8203 0.803 1
1 286.29 -120.80 299.19 -0.8383 0.298 1 1.5360
2 292.31 122.23 322.57 -0.780 1 -0.2957 1.469 8
3 142.35 293.09 299.36 -0.4593 -0.7179 2.4770
4 -70. 64 298.37 310. 87 0.2310 -0.7871 -3.0134
5 -273.63 141.47 360.91 0.6832 -0.3190 -1.4150
6 -282.10 -98.83 341.63 0.699 1 0.2158 -1.3823
7 —-141.46 -306.24 259.08 0.5377 0.8379 -0.696 4
8 108.75 -302.87 318.70 -0.3403 0.7839 0.7855
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Fig.6  More registration results
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