


efficiently. The applications for indoor environment by using Kinect with ICP algorithm [4], and
researches for indoor map generating of robots by ICP algorithm [5] have become more popular as
well.

For using Microsoft Kinect, methods such as [6, 7] are used to perform registration
based on ICP algorithm. These methods extract SIFT [8] feature points from color images taken
from different viewpoints by Kinect and determine the best corresponding points pairs for
calculating the transforming parameters to apply ICP algorithm. However, in some cases such as
indoor environment it is very difficult to extract SIFT feature points; consequently, the correct
transforming parameters could not be obtained.

In order to solve these new problems brought by recent applications with ICP algorithm,
in this study, we propose a point cloud region based method, which could perform the accelerated
and correct registration without calculating features of each point. Details of the algorithm are

described as follows.

2. Feature extraction

2.1 The significance of analyzing point region

Different from the pre-existing methods [9, 10] based on the feature point extracted
through the eigenspace transformation, it is important for our method to analyze the features of the
set of points. Hence we proposed a new method based on the eigenspace transformation, analyzing
the set of points and extracting features as follows. Here, a set of points from measured point

cloud data is called point cloud region, and is denoted as R .

2.2 The central point of the point region R

The central point: As the central point of R , the coordinates of p, can be calculated as follows.
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In the equation N represents the total point number of R , and the coordinates of an
arbitrary point p, of R are denoted as (6,32, 1i=12,.N By using the central point and all
points of R , the eigenspace analysis can be performed for this point cloud data. Through the

eigenspace transformation, we analyze the point cloud region to obtain more features as follows.

2.3 Analysis by eigenspace transformation

The eigenvector ¢ and the eigenvalue 4 : In order to do the eigenspace transformation with all 3D points

of R , the Variance-Covariance matrix of R is defined as follows.
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Here, C is the Variance-Covariance matrix of R , p, — p, is a 3 times 1 column vector, C is a 3
times 3 matrix. By analyzing the matrix C  and calculating the eigenvalue, the eigenvector
featureefe, e, ¢, } and the corresponding eigenvalue feature M A, 4,04, < 4, 2 4, ) are obtained.

The average distance # : By using the central point p. and the minimal eigenvalue corresponding
eigenvector ¢, , the method can be used to generate the approximate plane of all points of R . The distance d
between point P, and the approximate plane, and the average distance # to the point p, are calculated as

follows respectively.
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In these equations, ‘ ’ denotes the length of the vector and ” “ denotes the distance
between two points.
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Fig. 1. Curvature estimation.

The approximate curvature / : Search all points of R to find the closest point p, to the vector that passes
through p, in the direction of €, . As shown in Fig. 1, the distance, the average distance, and the radius of

curvature of the approximate curve surface that consists of all points of satisfy the relationship as follows:
w=d*=r*—(r-dy. ®)

Here, as the approximate curvature f of R , substituting »=1/f into (5), f can be

calculated as follows.
F==. (6)

The axis direction projective length D : Set the eigenvector ¢, as Z axis, ¢, as X axis, and




























