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A Study on Enhancing Outdoor Pedestrian Positioning Accuracy
Using Smartphone and Double-Stacked Particle Filter
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ABSTRACT

In urban environments, signals of Global Positioning System (GPS) can be blocked and reflected by tall buildings,
large vehicles, and complex components of road network. Therefore, the performance of the positioning system using
the GPS module in urban areas can be degraded due to the loss of GPS signals necessary for the position estimation.
To deal with this issue, various localization schemes using inertial measurement unit (IMU) sensors, such as
gyroscope and accelerometer, and Bayesian filters, such as Kalman filter (KF) and particle filter (PF), have been
designed to enhance the performance of the GPS-based positioning system. Among Bayesian filters, the PF has been
widely used for the target tracking and vehicle navigation, since it can provide superior performance in estimating the
state of a dynamic system under nonlinear/non-Gaussian circumstance. This paper presents a positioning system that
uses the double-stacked particle filter (DSPF) as well as the accelerometer, gyroscope, and GPS receiver on the
smartphone to provide higher pedestrian positioning accuracy in urban environments. The DSPF employs a non-
parametric technique (Parzen-window) to create the multimodal target distribution that approximates the posterior
distribution. Experimental results show that the DSPF-based positioning system can provide the significant

improvement of the pedestrian position estimation in urban environments.
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Fig. 1. Double-stacked particle filter (DSPF) that consists of
(a) proposal distribution and (b) target distribution
(unimodal or multimodal distribution) represented by
samples (also referred to as particles).
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Fig, 2. Schematic of the current observation zj obtained
from GPS and the update of the past observations
{Z,ic,i = 2} using the relative distance (AX; and
APy) between the current predicted position Kyjx—1
and the previous predicted position Ry _1jx_, when
N, = 3 (i.e., when the number of modes is three).
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