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3D-2D Matching of Line Features for Spherical Camera Localization in Man-made Environment

Tsubasa GOTO, Sarthak PATHAK, Yonghoon JI, Hiromitsu FUJII, Atsushi YAMASHITA and Hajime ASAMA

In this paper, a novel method for 6 degrees of freedom (DoF) localization of a single spherical camera in a man-made
environment is proposed. Taking advantage of the various line features that are usually present in such an environment, a

technique to match the 2D line feature information inside a spherical image to the 3D line segment information available in

a known 3D model of the environment is developed. There are two main challenges to be overcome. First is the detection

of the line feature information in a spherical image and its abstraction into a descriptor that is compatible with the 3D line
feature information in the model. Second is to evaluate similarity of the line feature information from the 2D image and
that from arbitrary 6 DoF poses in the 3D environment model in order to localize the camera. To deal with the former, a

randomized hough transform with spherical gradient-based filtering is used to accurately detect line features in the image

and create a line feature descriptor. The same descriptor is created from arbitrary 6 DoF poses in the 3D model. Then,

to deal with the latter, the Earth Mover’s Distance (EMD) is used to evaluate their similarity. The proposed method was
evaluated in a real environment with its 3D model. The results demonstrated that it can effectively estimate the 6 DoF pose

of a spherical camera using a single image.
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Fig.1 Approach of the proposed method. We extract line features and gener-
ate descriptors from both a spherical image and arbitrary poses in the
3D model. These descriptors are compared to estimate the position and
orientation of the spherical camera
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(a) A spherical image (b) An equirectangular image

Fig.2 3D lines in the environment are represented as red lines in this equirect-

angular image
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Fig.3 Schematic of projection of a line on a spherical image and transforming
a unit normal vector into the spherical Hough space. In a spherical im-
age, 3D lines in the environment are projected as great circles. 7 is a
unit normal vector with respect to the plane defined by the great circle.
The unit normal vector defines a line projected on the spherocal image

uniquely
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Fig.4 The flow of image processing. First, a real spherical image is blurred
by a Gaussian operator for reducing the influence of noise. Next, the
edge image is generated from the blurred image using the Canny edge

detection operator
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Fig. 6 The result of line detection using the randomized Hough transform with-

out and with the two proposed conditions. The colorful curves show
detected lines
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Fig.7 An example of a line map

Xsph

Fig.8 Schematic of transforming a 3D line in the line map to the spherical
Hough space. A cross product of two position vectors p; and ps of end
points of a line derive a normal vector n. The angle « is the weight for
computing EMD
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Fig. 10 RICOH THETA S spherical camera that was used in this experiment and
6 degree of freedom

Fig. 11 The 3D environment model of the experimental environment

Table 1 The positions and orientations of the points 1 to 5

Pose H rm ‘ ym ‘ zm ‘ ¢ deg ‘ 6 deg ‘ ¥ deg

2.0 41 | 09 0 0 0
5.6 41 | 09
3.8 28 | 09

2.0 1.0 | 09
5.6 1.0 | 09
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Fig. 12 The line map of the experimental environment. Spherical images were
taken at points 1 to 5 as shown in Table 1

Table 2 The errors of the estimation result of experiment 1

Pose H T m ‘ ym ‘ zm ‘ ¢ deg ‘ 0 deg ‘ 3 deg

1 0.1 0.1 | 0.0 0 1 0
2 0.0 0.0 | 0.0 0 1 2
3 0.3 02 | 00 1 1 0
4 0.0 0.0 | 00 1 2 1
5 0.1 0.0 | 00 1 2 2
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(f) point 1 with two circles as noise.

Fig. 13 Spherical camera image captured at points 1 to 5



Fig. 14 Spherical camera image rotated 60 deg around x axis captured at point 1
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Fig. 15 The success rate with respect to each number of circles drawn in an input
image. One circle is equivalent to about 2 % area of the whole image. In

other words, ten circles occluded about 20 % area
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Table 3 The errors of the estimation result of experiment 2

Rotation H rm ‘ ym ‘ zm ‘ ¢ deg ‘ 6 deg ‘ ¥ deg

30 0.0 0.0 | 0.0 0 0 0
60 0.1 0.0 | 0.1 0 0 1
90 0.0 0.0 | 0.0 1 0 0
120 0.0 0.0 | 0.0 0 1 2
150 0.0 0.0 | 0.0 0 0 0
180 0.0 0.0 | 0.0 0 0 0
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