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Position and time are some of the most vital pieces of
information for convenience, security, and safety in our daily
lives and have enabled innovative advancements in many
science and engineering fields. Since Global Positioning Sys-
tem (GPS) became available to the public, GPS has been
applied not only to smartphones and vehicular navigation
systems that we use every day, but also to diverse areas such
as Internet-of-Things (IOT), synchronization, cellular com-
munications, military, geodesy, agriculture, mining, construc-
tion, remote sensing and more. However, the legacy GPS has
only been successful in outdoor and open-sky applications,
and the demand for positioning and navigation in indoor and
urban street environments has been rapidly growing. A num-
ber of countries are carrying out their own plans to build
advanced satellite-based navigation systems, called global
navigation satellite systems (GNSS), with initial operation
capability planned around 2020. GNSS will provide a num-
ber of new wideband signals with encoded data at multiple
frequencies for the enhancement of accuracy, robustness, and
signal availability in the GPS-denied environments, such as
dense urban streets and indoor environments, as well as in
the presence of cyber-attacks. On the other hand, there have
been research activities around the world to develop indoor
positioning and navigation technologies in diverse directions.
One conventional approach is to use radio signals from wire-
less infrastructure such asWiFi, UWB, and LTE (i.e., cellular
signals), and the other is to utilize non-radio signal measure-
ments such as camera-vision, in-building magnetic anomaly,
and inertial measurements.

This Special Section aims to share new ideas and the latest
findings with researchers, academics, and experts working on
the research and development of innovative positioning and
navigation technologies. To this goal, we called for articles
with topics of interest such as:

• Algorithms, signal processing techniques, and perfor-
mance analysis

• New design of signals, devices, and systems
• Sensor fusion and hybridization techniques
• Cooperative and robust techniques
• Privacy, authentication, and security improving
techniques

• Experiments and performance evaluation

• Applications to vehicles and transportation systems
Our call for papers received an extensive response with

65 high quality submissions relevant to the theme of our
Special Section from all over the world. In the review
process, it was ensured per IEEE ACCESS policy that
Guest Editors had no potential conflict of interest with
the authors of the submitted articles being handled. The
submitted articles were evaluated for their novelty, signif-
icance, contribution, and overall quality required by IEEE
journals. As a result, we accepted 10 articles that received
positive recommendations from at least two independent
reviewers.

The accepted 10 articles introduce topics in a wide range
of positioning, localization, and navigation technologies. The
first two articles introduce techniques to enhance the per-
formance of cellular positioning systems, and the next four
focus on the indoor localization techniques. The next two
provide a study of various GNSS receivers and a sensor
fusion technique in practice, and the last two articles show
navigation techniques using new signals and sensors such as
mmWave and polarizing beam splitter.

1) Mobile positioning using cellular signals is one of
the core applications in LTE cellular networks and
beyond. However, multipath in mobile communication
environments is the most difficult problem to cope
with. The article ‘‘Position accuracy of joint time-
delay and channel estimators in LTE networks’’ by del
Peral-Rosado et al. investigates recent advancements
in multipath mitigation techniques using joint time-
delay and channel estimation techniques. It is found
that periodic-tap JML estimators achieve the best posi-
tion accuracy with respect to state-of-the-art threshold-
based and super-resolution techniques, due to their
robustness against multipath overlapping and noise
effects for reduced bandwidths. It is shown that
periodic-tap JML estimators can achieve a robust posi-
tion accuracy of around 10meters for a 10-MHz system
bandwidth in urban environments.

2) In the article ‘‘Analytical approximation-basedmachine
learning methods for user positioning in distributed
massive MIMO,’’ Surya Vara Prasad et al. propose
a supervised machine learning approach based on
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Gaussian process regression (GP) for localizing users
from their uplink received signal strength (RSS) in
a distributed massive multiple-input multiple-output
(MIMO) system. The authors utilize noise-free train-
ing RSS data and noisy test RSS data to reflect the
shadowing effects of the wireless channel. Authors
derive closed-form expressions for the estimated user
locations and the associated 2σ error-bars, and show
that the root-mean-squared error (RMSE) performance
of the estimated user locations is very close to the
Cramer-Rao lower bounds (CRLB).

3) Smartphone-based pedestrian dead-reckoning (PDR) is
very promising in indoor localization. In the article
‘‘Pedestrian dead-reckoning indoor localization based
on OS-ELM,’’ Zhang et al. propose an online sequen-
tial extreme learning machine (OS-ELM) based PDR
indoor localization algorithm for an android-based
smartphone that does not have to be held in fixed
posture. The algorithm learns the pedestrian’s move-
ment habits to address the accumulated errors in PDR
localization.

4) In the article ‘‘A narrow-band indoor positioning sys-
tem by fusing time and received signal strength via
ensemble learning,’’ Li et al. address the problem of
indoor positioning in the emerging context of internet
of things (IoT). The authors propose a novel passive
positioning method based on the fusion of received
signal strength (RSS) and differential time difference
of arrival (DTDOA). The method is formulated as a
supervised learning algorithm that is able to remove
outliers, extract features, and apply a regression fitting
to improve the overall position accuracy. The work
provides a holistic approach from theory to practice by
providing experimental results using a software defined
radio (SDR) based on Zigbee signals.

5) The article ‘‘Toward emergency indoor localization:
maximum correntropy criterion based direction estima-
tion algorithm for mobile TOA rotation anchor,’’ by
Xu et al. follows up with the topic of indoor localiza-
tion but in a different context driven by the stringent
constraints of emergency applications. In this case,
the focus is placed on designing positioning algorithms
that make use of the angular signature obtained by a
rotating user, which tries to determine the direction
at which the rest of emitting users are placed in an
indoor deployment. Adaptive algorithms are used to
estimate the direction of arrival for the signal coming
from a neighboring user, by circumventing the harsh
conditions of the indoor propagation.

6) Image processing is an important navigation technique
for situations where satellite navigation systems are not
reliable, and, therefore, image processing has been a
particularly useful tool for indoor localization and nav-
igation. There has been great progress in recent image
processing technologies, but visual homing navigation
has remained a challenging issue, although it could be

widely applied in many robotic systems. In this article,
‘‘Visual homing navigation with Haar-like features in
the snapshot,’’ Lee and Kim investigate two types of
homing methods based on the image difference using
Haar-like features, and demonstrate the effectiveness of
the proposed methods in several environments.

7) The article ‘‘Positioning performance assessment of
geodetic, automotive, and smartphone GNSS receivers
in standardized road scenarios’’ by Štern and Kos
provides an overview on the testing and certification
process for mass-market GNSS receivers. The work
is supported by an extensive measurement campaign
using 17 receivers of different grades, whose perfor-
mance is analyzed in vehicular applications by means
of three representative trajectories. The results are not
only valuable for their procedure and methodology, but
also for the meaningful conclusions that can be drawn
on the realistic performance of GNSS receivers already
available in the market.

8) The need for accurate positioning for land transporta-
tion systems has significantly increased. The article
‘‘Positioning based on tightly coupledmultiple sensors:
A practical implementation and experimental assess-
ment,’’ by Falco et al. presents a tightly-coupled design
of a positioning system comprised of a consumer-
grade GPS receiver, a low-cost Inertial Measurement
Unit, and a car odometer. It describes add-on algo-
rithms necessary to achieve a real-time implementa-
tion on an embedded system. The reported results
show that a carefully designed and constrained inte-
gration of low-cost sensors might provide perfor-
mance comparable to that of expensive professional
equipment.

9) We have seen that simultaneous localization and envi-
ronment mapping (SLAM) technology has matured
enough to be commercialized. Despite its success,
the current major stream of SLAM using lidar with
cameras has room for improvement in using enor-
mous IOT infrastructures, including 5G, in the future.
In the article ‘‘MOSAIC: simultaneous localization
and environment mapping using mmWave without
A-priori knowledge,’’ Yassin et al. propose a very
different approach to achieve SLAM using millime-
ter wave channel characteristics and virtual anchor
nodes (VANs). Simulation results in this article show
a promising performance in localization accuracy and
obstacle detection.

10) Polarization navigation has been an active navigation
research direction due to its autonomy and robust-
ness, especially in GNSS-denied environments. The
article ‘‘A bionic polarization navigation sensor based
on polarizing beam splitter,’’ by Yang et al. introduces
a new bionic polarization navigation sensor based on
polarizing beam splitter, by imitating the polarization
structure of insects’ compound eyes. It also proposes an
independent-channel polarization calculation method
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and a UKF calibration method is used to identify the
sensor parameters.

We would like to express our sincere thanks to all the
authors for submitting their articles to our Special Section and
numerous anonymous reviewers who volunteered their exper-
tise to help us make this Special Section a successful collec-
tion of the lastest high-quality studies in GNSS, localization,
and navigation technologies. We would also like to thank the
Editor-in-Chief, Professor Derek Abbott, and staff members
of IEEE ACCESS for their leadership and continuous support.
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