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Abstract

The Kalman filter (KF) is an optimal state estimator for position ob-
servation systems with noise; therefore, it is typically used to estimate
the location of a node in a wireless sensor network (WSN) in a noisy
environment. The precision of noise statistics largely determines the
localization accuracy of the KF, and the statistics of noise are often
unknown or time-varying in a real WSN. Therefore, the adaptive
Kalman filter (AKF) is utilized for awareness of the statistical parame-
ters of noise. However, the node position estimation (NPE) algorithm
based on the state-of-the-art AKF typically lacks robustness andsbe-
comes inaccurate in the case of simultaneously perceiving the statis-
tics of process noise and measurement noise. This study proposes a
robust NPE algorithm based on an improved adaptive extended Kal-
man filter (RNPE-IAEKF) and another robust NPE .algorithm based
on an improved adaptive unscented Kalman filter (RNPE-IAUKF).
The RNPE-IAEKF algorithm has low computing complexity, while
the RNPE-IAUKF algorithm has high positioning accuracy. Our pro-
posed algorithms solve the problems of poorrobustness and low accu-
racy of the NPE algorithm based on the adaptive extended Kalman
filter (NPE-AEKF) and the NPE algorithm<based on the adaptive un-
scented Kalman filter (NPE-AUKF). In addition, the RNPE-IAEKF
and the RNPE-IAUKF do not lese robustness upon simultaneous per-
ception of the statistics of /process noise and measurement noise,
which is strictly proven in theory. The results of practical experiments
and numerical simulations demonstrate that regardless of the place-
ment of a static target node, the mobility of a mobile target node, and
the number of anchor nedes; the RNPE-IAEKF improves upon the
positioning accuracy=and convergence speed of the NPE-AEKF by at
least 28% and 29%; respectively and that the RNPE-IAUKF increases
the localization accuracy and convergence rate of the NPE-AUKF by
at least 32% and 37%.
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1. Introduction

The Kalman filter (KF) is an optimal state estimator in noisy
environments, and it can estimate the current state of a position
observation system (such as the location of a node in a network)
by measuring the system output with noise [1]. Usually, a pro-
cess model describing the state change of the system and a
measurement model defining the relationship between the in-
ternal state and the external output of the system are needed in
the KF. For practical positioning scenarios, there exist model-
ing errors in the process and measurement models, that is, the
process noise and the measurement noise.:Because the accura-
cy of the statistical parameter of the process and measurement
noise can greatly affect the estimation precision of the KF, ob-
taining the exact noise parameter.is of critical importance for
the KF-based positioningalgarithm;

A wireless sensor.network (WSN) is an ad-hoc network
made up of a large' number of nodes equipped with sensors,
microcontrollers,and transceivers [2]. WSNs have been applied
in various fields, for.example, smart homes, health care, indus-
trial automation, and environmental monitoring. For many
WSN applications, ‘it is necessary to know the location infor-
mation, of the node in the network.

In most WSNs, two nodes communicate with each other by
sending and receiving wireless signals. The received signal
strength-indication (RSSI) between nodes is usually employed
to'model the inter-node distance. Because the measured RSSI
is vulnerable to the interference of the external noise, the KF is
often used as the node position estimator of the WSN to esti-
mate the position of the target node (TN) without a known lo-
cation based on the noisy RSSI measured by the anchor node
(AN) with a known location.

Although the KF can filter the process noise in the process
model and the measurement noise in the measurement model, it
requires accurate statistics of the process noise and measure-
ment noise. An inaccurate statistical parameter of the process
and measurement noise can cause localization errors in the
node position estimation (NPE) algorithm based on the KF
(NPE-KF) to increase or even diverge [3]. An unbiased noise
statistic estimator (NSE) able to estimate the noise statistic
parameter in an online manner is developed [4], which allows
the KF to perceive unknown or time-varying noise statistics.

The KF has already been used to estimate a WSN node’s
position [5,6], but it is only applicable to the linear process and
measurement models. Thus, an NPE based on an extended
Kalman filter (NPE-EKF) suitable for the nonlinear model is
designed [7-9]. Because the NPE-EKF requires linearizing the
function in the nonlinear model, it can only have an accuracy
of, at most, the first-order Taylor series expansion of the non-
linear function. To overcome the limitation of requiring that the
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