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Time is a precious and critical resource to computers, sen-
sors, actuators, and most Internet of Things (IoT) systems 
and applications. Precise time and timeliness in task exe-

cution and data communication are fundamental requirements 
for emerging IoT applications and new experiences enabled by 
advances in distributed computing, from cloud to edge. Indus-
try 4.0, mobile and collaborative robots, autonomous systems, 
immersive and interactive human-cyber experiences are only a 
few examples of the Internet of Time-Critical Things where pre-
cise time, computing, and communication with bounded laten-
cies and high reliability are strictly required. Furthermore, these 
applications might not only be time-critical but also safety-crit-
ical as they often involve interactions between humans and 
machines. Such stringent time and safety requirements bring 
new practical challenges, as well as new opportunities to rev-
olutionize the traditional design, deployment and management 
of computing and communication infrastructures. New con-
cepts in software-defined systems and networks, cloud/edge 
computing, AI-driven resource orchestration, Time-Sensitive 
Networking (TSN) and advances in wireless communications 
(Wi-Fi 6/7, 5G and beyond) are emerging as potential building 
blocks to enable the transformation of computing and commu-
nications infrastructure to enable time-critical applications.

This Special Issue (SI) brings a comprehensive view of the 
time-critical IOT applications, their requirements and challenges 
in designing, deploying, and measuring performance of com-
puting and communication infrastructures. The articles cover 

practical challenges in cloud and edge computing and con-
nectivity for realistic applications, especially related to meeting 
strict performance targets in computing and wireless systems. 
The SI also covers measurement methodologies and case stud-
ies evaluating the performance of real IOT systems.

In “IoT Edge Caching: Taxonomy, Use Cases and Perspec-
tives,” edge computing and caching concepts are explored joint-
ly to reduce latency and increase efficiency. An extensive review 
of the state-of-the-art in Edge Caching approaches is provided 
along with use cases in various domains, from Industry 4.0 to 
smart grids, agriculture, and vehicular applications. An evaluation 
of a real Structural Health Monitoring system provides insights 
into the benefits of edge caching and associated tradeoffs.

In “Joint Scheduling and Coding for Reliable, Latency-Bound-
ed Transmission over Parallel Wireless Links,” the authors dive 
into the wireless communication challenges for enabling immer-
sive experiences, such as remote robot control, using Virtual 
Reality (VR). The article advocates for a joint design of pack-
et-level coding and resource scheduling leveraging parallel wire-
less links and evaluates the concept considering a combination 
of sub-6GHz and mmWave links.

“Towards Factory-Scale Edge Robotic Systems: Challeng-
es and Research Directions” presents a system level vision of 
a robotic system where computing is offloaded to the edge 
enabled by high performance wireless communication systems. 
The article also proposes a new approach to co-design comput-
ing, communications, and control components in the system 
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to meet time-sensitive robotic task requirements with higher 
efficiency and lower power consumption. 

In “Low-Latency Anomaly Detection on the Edge-Cloud 
Continuum for Industry 4.0 Applications: the SEAWALL Case 
Study,” the authors describe the design, implementation, and 
evaluation of an edge-cloud computing platform for IOT system 
monitoring and fault detection algorithms. The article evaluates 
the latency tradeoffs of cloud vs edge computing in a real test-
bed considering various workload orchestration policies.

“Unobtrusive, Accurate, and Live Measurements of Net-
work Latency and Reliability for Time-Critical Internet of Things” 
addresses the challenges related to measuring stringent com-
munication performance with high accuracy, which is critical 
for many IOT systems. The article proposes a new methodology 
to measure latency and reliability in wireless networks and eval-
uates the approach in a testbed with Wi-Fi 6 and 5G devices. 

Last, but not least, “Time-Critical IoT Applications Enabled by 
Wi-Fi 6 and Beyond” covers the emerging time-critical use cases 
and their requirements and discusses the latest Wi-Fi 6 and 
TSN capabilities. The article provides a practical perspective 
on how Wi-Fi capabilities can be leveraged to enable industrial 
control, remote rendering for extended reality and cooperative 
simultaneous localization and mapping for mobile robots. The 
article also discusses next generation Wi-Fi enhancements, such 
as Multi-Link Operation in Wi-Fi 7 and how they contribute to 
achieve low latency and high reliability.

Although time-critical performance has long been a focus 
within the industrial control and automation space, more and 
more applications, across different markets, will depend on com-
puting and communication with strict performance guarantees. 
This SI not only provides a broad coverage of the current state 
of the art, but also addresses open research challenges from dif-
ferent perspectives across industry and academia. The six articles 
have been selected through a thorough peer-review process and 
we would like to thank the authors, reviewers, and editorial team 
for their contribution to make this special issue possible.
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