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1. Introduction

Indoor localization approaches typically rely on
already available maps. Architectural floor plans
are readily available for most buildings, and some
approaches use these floor plans for localization.
However, architectural floor plans only represent the
basic architectural structures of buildings. The lack
of knowledge of a target environment causes pose
ambiguities in localization.

To solve the problem of pose ambiguities, we propose
an indoor global localization approach based on WiFi
and a depth camera. Our approach estimates a coarse
position using a WiFi signal model and narrows down
the hypothesis to a fine position by using wall-like
virtual measurements extracted from the depth data.
The results show that the combination of the WiFi
signal model and the virtual measurements improves
the localization in terms of convergence speed and
accuracy.

2. Localization Approach

We employ a particle filter (PF)®V for localization.
The PF recursively estimates the position of the target
as follows:
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where u, , is the motion command executed by the
robot and z,, is the observations. The motion model
p(x, | X, u,,) denotes the probability of the robot’s
state x,, given that it executes u, | in the state x. The
observation model p(z, | x,) denotes the likelihood of
the observation. The major differences between vanilla

PF and our localization method are the initialization of
particles by using the WiFi signal model, and the weight
calculation by using wall-like virtual measurements
extracted from the depth data. This brief paper focuses
on the initialization and virtual measurements.

A widely used approach for the initialization of
particles is to generate initial particles uniformly
throughout the environment. However, this
initialization method cannot solve the ambiguities of
particles. To reduce the ambiguities of initial particles,
our method utilizes WiFi signal models of the Gaussian
Process (GP)®@ for initialization. By using the GP based
WiFi signal model,® the method uniquely localizes
a target. In section 3, we show typical results of our
initialization.

After initializing particles, our method calculates
the weight of particles by using wall-like features. A
major approach for extraction of wall-like features is
RANSAC (Random Sample Consensus) based plane
extraction, which is implemented in the PCL (Point
Cloud library).® However, the RANSAC based plane
extraction approach with a dense point cloud requires
high computational cost. We propose a difference
extraction approach for wall-like features with low
computational cost. First, our approach corrects the
attitude of the raw point cloud by using an inertial
measurement unit (Figs. 1 (b) and (c)). Then, the
method extracts horizontal scans at different heights
(blue lines in Fig. 1 (¢)). Finally, the method connects
the scans above and below if the vertical gradient is
below a threshold (red lines in Fig. 1 (d)). We project
these points onto the 2D plane of the floor plan for
weight calculation. This simple procedure extracts
rich wall-like features with low computational cost.
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Fig. 1 Extraction procedure of wall-like features.

Room A

3. Experiments

Figure 2 shows a typical localization result in an
ambiguous environment. In this experiment, a target
with a mobile phone and a depth camera moved from
room A to room B. The color of the dots expresses the
time transition of the particles. The red dots depict
particles after the fast steps and the blue dots depict
particles of the last steps. Without the WiFi signal
model (Fig. 2 top), particles are dispersed in many
areas that have similar shape compared to room A
and could not localize uniquely. With the WiFi signal
model (Fig. 2 bottom), the initial particles converged
around the true position in room A and localize the
target correctly.

4. Conclusion

This brief report introduced a combination
localization method using a WiFi signal model and
wall-like virtual measurements. WiFi information
is useful for quick convergence of particles in an
ambiguous environment. Our approach is most useful
during global localization, especially when a target is

Fig.2 Trajectories of particles in the ambiguous environment. Localization result with uniform initialization
(top). Localization result with WiFi based initialization (bottom). The color of the particles depicts the
time transition. Our method uniquely localizes the target. The target moved from room A to room B.
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not supposed to move much. Given that a smart phone
with a depth camera will soon be available to the Seigo Ito
public,® our method enables us to localize ourselves Research Fields:

quickly and accurately in indoor environments. - Autonomous Vehicle
- Robotics

Academic Degree: Ph.D.
Academic Society:
- Information Processing Society of Japan

References

(1) Dellaert, F. et al., “Monte Carlo Localization for
Mobile Robots”, Proc. of the IEEE Int. Conf. on
Robotics and Automation, Vol. 2 (1999),
pp. 1322-1328, IEEE.

(2) Jonathan, K. et al., “GP-Bayes Filters: Bayesian
Filtering Using Gaussian Process Prediction and
Observation Models”, Autonomous Robots Journal,
Vol. 27, No. 1 (2009), pp. 75-90.

(3) Brian, F. et al., “WiFi-SLAM Using Gaussian Process
Latent Variable Models”, Proc. of the Int. Joint Conf.
on Artificial Intelligence (2007), pp. 2480-2485, IJCAL

(4) “Point Cloud Library” <http://pointclouds.org>,
(accessed 2015-08-18).

(5) “Project Tango” <https://www.google.com/atap/
project-tango>, (accessed 2015-08-18)

Figs. 1 and 2

Reprinted from IPSJ Symp. Ser., Vol. 2014, No. 1,

pp- 1792-1799, Tto, S., Indoor Global Localization Using
WiFi and Depth Camera, © 2014 Information Processing
Society of Japan, with permission from IPSJ .

© Toyota Central R&D Labs., Inc. 2015 http://www.tytlabs.com/review/



