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This research made it possible to estimate 360-degree camera position and orientation at high speed

using only image gradients. It showed that it was possible to use image gradients for detection in
textureless environments without depending on explicit detection of lines or other features.

In this research, a novel method to use the 3D line information to perform 6
degree-of-freedom localization in indoor environments was proposed. This method was based on using

360-degree image gradient information to calculate 2D image lines and match them to 3D lines in the
environmental model.
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Fast and accurate 6 DoF positioning in indoor environments is necessary for many
applications such as drone navigation, robot-based inspection, etc. It can be solved
using artificial landmarks and motion capture systems. However, these require prior
preparation and installation and are costly and inefficient. Instead, architectural
maps of indoor environments can easily be obtained. These maps contain 3D line
information of the environment. These lines can also be detected in 2D, inside image
frames captured from a spherical camera. In this research, a novel method to use the
3D line information to perform 6 degree-of-freedom localization of a drone in indoor
environments was proposed. This method was based on using 360-degree image gradient
information to calculate 2D image lines and match them to 3D lines in the environmental
model .
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Fig. 1. Aim of the proposed research: Using image gradients to compare 3D lines
(left) with 2D lines in a 360 degree image (right) for 6 DoF Positioning

The main aim of this research was to develop a novel method to use image gradient
information for fast 6 DoF localization in indoor environments. To perform indoor
positioning using cameras, it is necessary to compare some features (landmarks) between
the images and the environment. However, indoor environments are textureless, making
this difficult. Moreover, easily available architectural maps of indoor environments
contain information only about the edges and lines. The precise goals of this research,
as shown in Fig. 1, were to 1. extract line features fast 2. compare them to 3D
environment map [1], to achieve fast 6 degree-of-freedom indoor positioning. The
originality of this research is to calculate line features using only 360-degree image
gradients.

The following novel idea was used for this research. For a planar image, multiple lines
can exist with the same gradient, as shown in Fig. 2. However, for a 360-degree image,
due to the curvature, only one gradient direction uniquely defines the projection of
the 3D line. The core method for orientation estimation was as follows: 1. First,
spherical image gradients were extracted along all the edges of the image. 2. Image
gradients were filtered and only those gradients that lie along three perpendicular
directions were vretained, via a filtering algorithm that excluded outliers
(gradients/lines not lying along three perpendicular directions). 3. The three
perpendicular directions in the image were fitted using a method similar to [2] and
the orientation was estimated.

Position estimation: Once the orientation was found, the gradients lying in the
perpendicular directions were compared to the architectural model in order to estimate
the position. The comparisons were done individually in the xy, yz, and xz planes using
least squares fitting to obtain the orientations in the z, x, and y directions,
respectively.
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Fig. 2: (a) Unique 360-degree spherical image gradients are calculated (b) Gradient
directions are compared to the environment line directions for fast localization.

The algorithm was tested quantitatively by rendering 360-degree images in a virtual
“ Blender” environment. Qualitative testing in real environments was also done. Fig.
3 shows the gradients in 3 directions that were fitted on the 360-degree image. The
gradients in black points are the outliers. Meanwhile, Fig. 4 shows the orientation
estimation errors. As can be seen, they are much lower than other conventional methods.
The processing speed was 15.5 frames per second, indicating close to real-time
performance. Unfortunately, position estimation errors were high at 0.57 m, average.
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Fig. 3: Gradients on the 360-degree spherical Fig. 4: Orientation estimation using different
image. Black gradients are the outliers. methods (blue: proposed method)
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