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difficult scenarios include indoors, 
urban canyons, and other GNSS-
challenged environments.

Network localization and navi-
gation (NLN), a new paradigm for 
location awareness, enables a variety 
of new applications that rely on posi-
tion information of mobile objects. 
Some IoT applications will require 
real-time localization with sub-
meter accuracy in GNSS-challenged  
environments. Increased precision 
capability will lead to new applica-
tions requiring high-accuracy loca-
tion awareness. For example, asset 
tracking may need to resolve objects 
placed centimeters apart in a manu-
facturing environment, while flying 
drones may need to navigate and 
avoid collisions in dense airspace.

In difficult propagation environ-
ments with uncontrolled infrastructures, 
the problem of pervasive indoor locali-
zation still remains largely unsolved. 
Furthermore, emerging outdoor appli-
cations will rely on more stringent 
localization accuracy and capability than 
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I.  INTRODUCTION

The advent of new wireless technologies in recent years has created a tremen-
dous increase in the demand for wireless connectivity. The estimated number of 
mobile device connections exceeds eight billion globally, more than the popula-
tion of the world, and the growth trend is rapidly increasing as the developing 
world penetration rate is still in its infancy. With the Internet-of-Things (IoT), it 
is expected that the total number of 
connections will reach over fifty 
billion in the next few years. In con-
junction with wireless connectivity 
technology, the need for location 
awareness is paramount.

Real-time location awareness is 
ancillary to fifth generation (5G), 
Wi-Fi, and IoT networks, fostering 
a wide range of emerging applica-
tions such as smart cities, crowd 
sensing, environmental monitoring, 
big data analysis, and autonomous 
driving. The coming years will see 
the emergence of location aware-
ness with submeter accuracy using minimal infrastructure even in chal-
lenging environments. The diverse set of applications involving connected 
devices hinge on mobility, and therefore localization of these devices is of 
fundamental importance. While outdoor positioning systems such as global 
navigation satellite systems (GNSS) have seen tremendous success, they do 
not offer adequate localization accuracy for certain scenarios. Particularly 
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those provided by GNSS. These chal-
lenges have stimulated research activi-
ties in the field. This special issue covers 
the foundations and trends of localiza-
tion and navigation technologies with 
contributions from both academia and 
industry worldwide.

II.  OVERVIEW OF THE 
SPECIAL ISSUE

This special issue covers the relevant 
aspects of NLN: theoretical founda-
tions, localization technologies, posi-
tioning algorithms, and network opera-
tion. The special issue consists of nine 
papers: “A Theoretical Foundation of 
Network Localization and Navigation;” 
“Received-Signal-Strength-Based 
Localization in Wireless Sensor Net-
works;” “A Survey on the Impact of 
Multipath on Wideband Time-of-
arrival-based Localization;” “Distrib-
uted Localization: A Linear Theory;” 
“Collaborative Sensor Network Local-
ization: Algorithms and Practical 
Issues;” “Network Operation Strategies 
for Efficient Localization and Naviga-
tion;” “Sensor Radar for Object Track-
ing;” “Localization via Visible Light 
Systems;” and “Acoustic Local Posi-
tioning with Encoded Emission Bea-
cons.” These papers present different 
aspects of location-aware networks 
including foundations for network 
design and analysis, new techniques 

overcoming the limitations of tradi-
tional approaches, different types of 
wireless localization networks, and 
advanced data fusion techniques. The 
special issue is divided into two parts, 
one published this month and the 
other in the following month. A brief 
description of the papers published 
this month is as follows.

The paper “Sensor Radar for Object 
Tracking” by Chiani et al. addresses 
the problem of detecting, localizing, 
and tracking noncollaborative objects 
that are not equipped with dedicated 
tags by scanning the region of inter-
est using wideband radio signals. This 
paper presents a sensor network for 
radio imaging (sensor radar) along 
with the signal processing steps nec-
essary to achieve high-accuracy object 
tracking in harsh propagation envi-
ronments. The described sensor radar 
is based on ultra-wideband impulse 
radio technology, entailing the trans-
mission of very short duration pulses. 
Experimental results in indoor envi-
ronments confirm the potential of sen-
sor radars in IoT applications.

The paper “Acoustic Local Position-
ing with Encoded Emission Beacons” 
by Ureña et al. investigates acoustic 
local positioning systems, presenting a 
review of the different challenges that 
must be addressed to achieve suitable 
performance. Both waveform design 
and signal processing are important 

aspects to consider in order to cope 
with multipath propagation, multiple-
access interference, the near–far effect, 
and Doppler shifts. On the other hand, 
the deployment of beacons, calibration 
and positioning algorithms, and fusion 
of information determine the localiza-
tion capability. This work also includes 
the description of a system that was 
implemented in a large area and tested 
for mobile robot navigation.

The paper “Localization Via Visible 
Light Systems” by Gezici et al. makes 
use of visible light for localization 
as an alternative to radio-frequency 
waves. This paper provides a survey 
of localization techniques for visible 
light systems, investigates a coopera-
tive architecture using visible light 
communications, and presents a low-
complexity iterative localization algo-
rithm. The optimal strategies are also 
presented for power allocation among 
LED transmitters to maximize the 
localization accuracy subject to power 
and illumination constraints.

The paper “Collaborative Sensor 
Network Localization: Algorithms and 
Practical Issues” by Buehrer et al. sur-
veys the state of the art in collaborative 
localization with an eye toward 5G cel-
lular and IoT applications. In particular, 
it discusses algorithms and challenges 
associated with collaborative localiza-
tion for range-based and range-angle-
based techniques.� 
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