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Abstract  With the development of digitalization of 3D scene, people can acquire 3D point clouds
of real objects via various approaches. Point cloud patches generated by scanning or multi-view
reconstruction need to be registered to produce the unified model. But because of different capture
techniques or errors from devices, the point cloud patches usually have inconsistent scales, unreliable
initial configurations, high ratio of spurious feature correspondences and large noises. In order to
tackle these issues, we propose a scale variable method for fast global point cloud registration.
First, we compute local features for point clouds and build correspondences among them. To attain
more reliable correspondences, a simple yet effective criterion is devised to filter out ill-matched
features based on the similarity of triangles. Second, with given correspondences, we alternatively
optimize the objective function with regard to scaling factor, rotation, translation and the parameter
in robust kernel to convergence. Due to the robust kernel in the objective function and the
alternating optimization strategy, our method can resist inevitable erroneous correspondences.
Furthermore, we devise an entire end-to-end framework for scale variable point cloud registration.

Specifically, we compute the local features in a neighborhood with an adaptive radius according to
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point cloud size to make the Fast Point Feature Histogram (FPFH) and Color-Signature of Histograms
of OrienTations (CSHOT) scale invariant; we reduce the dimension of the CSHOT using principal
component analysis to save memory and time consumption and downsample the large-scale point
clouds to further speed up the feature computing and matching phases. Our method is firstly
validated on synthetic range data with various scale differences. Experimental results show that
our method can produce valid, consistent results when the scale differences from 27" to 2'°, and
is resilient to different initial configuration and stable to large noises. Comparison with related
work also demonstrates our efficiency and accurate in terms of root mean squared error. We also
validate the proposed approach on large-scale, colored point clouds, which were obtained from
multi-view reconstruction for urban reconstruction. Visually seamless results are obtained
through a fully automatic process even with arbitrary initial relative positions and scales. We
further discuss the effect of the feature dimension reduction and point cloud down sampling on the
accuracy of feature matching. Then we evaluate the time costs of principal component analysis
and feature matching, respectively, under different feature dimension reserved. By trading off the
feature matching accuracy and time costs in computation, we adopt practical values for the
number of feature dimension reserved and the number of down sampling of original point clouds
to achieve valid results. Thirdly, we test our method on point clouds that are obtained from multi-

view reconstruction and laser scanning respectively and the result shows that our method is also appli-
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cable to cross-source point cloud registration.
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Background

Three-dimensional point cloud data is one of the most
important data forms which can be obtained easily from real
world. Point cloud registration is a fundamental technique for
fusing pieces of point clouds together seamlessly. But to the
best of our knowledge, it is not well discussed till now about
one approach that can deal with point cloud patches with
inconsistent scales, unreliable initial configurations, low ratio
overlap area and large noises. In such settings, a global scale

variable registration approach is needed.

In this paper, we propose a scale variable fast global
point cloud registration method and test it in various dataset
to validate its efficiency and performance.
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