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Intelligent networks are the use of cognitive computing 
technologies to meet the various requirements of seamless 
wide-area coverage, high-capacity hotspots, low-power 

massive-connections, low latency, high reliability, and other 
scenarios. An intelligent network can be viewed as an exist-
ing network integrated with cognitive and cooperative mech-
anisms to promote performance and achieve intelligence. 
Under the new service paradigm, there are various technical 
challenges and problems that need to be addressed in order 
to greatly improve the user’s quality of experience (QoE), 
such as complicated decision making for routing, dynamic 
and context-aware network management, resource optimi-
zation, and in-depth knowledge discovery in complex envi-
ronments.

Assisted by artificial intelligence (AI) and machine learn-
ing, an intelligent network is expected to greatly enhance 
user experience and have a huge impact on every aspect 
of people’s lifestyles in terms of work, social interactions, 
and economy. In particular, network ecosystems could be 
upgraded with new capabilities, such as the provisioning of 
personalized and smart network services assisted by AI, an 
optimized communication physical layer design based on 
machine learning, and adaptive resource management based 
on cognitive power that can mimic or augment human intel-
ligence.

This Special Issue (SI) brings together academic and indus-
trial researchers to discuss technical challenges and recent 
results related to intelligent networks in order to meet the 
demanding requirements for user experience, efficiency, 
and performance in a complex network environment, novel 
design, configuration, and optimization for communica-
tions and networking. In response to the Call for Papers, we 
received over 60 paper submissions. After a careful review 
process, 12 outstanding articles have been selected for this 
SI.

The articles in this SI are classified into three categories:
• Intelligent network resources management, optimiza-

tion, and sharing at the edge 
• Cognitive computing and AI assisting the Internet of 

Things 
• AI-assisted network security and applications 

In the first article, “Blockchain and Deep Reinforcement 
Learning Empowered Intelligent 5G Beyond,” the authors 
propose a secure and intelligent architecture for a next-gen-

eration wireless network by integrating a blockchain and 
AI to enable flexible and secure resource sharing. The pro-
posed architecture utilizes a blockchain to establish a secure 
content-caching environment and exploits advanced deep 
reinforcement learning to design a content caching scheme 
to maximize the caching resource utility. This article is a 
groundbreaking work in leveraging a blockchain and AI for 
secure and smart resource management for intelligent fifth 
generation (5G) networks and beyond, for which good solu-
tions to exploit a blockchain do not currently exist. The pro-
posed blockchain and deep-reinforcement-learning-enabled 
resource sharing mechanism is an elegant breakthrough that 
provides a promising way to enable caching sharing in a 
secure manner. The work will have a huge impact on the 
intelligent and optimal control and operation of future-gener-
ation wireless communication networks. 

In the second article, “CUE: An Intelligent Edge Comput-
ing Framework,” the authors highlight the potential of mas-
sive, powerful, but otherwise idle edge devices, and focuses 
on exploiting heterogeneous edge resources to process and 
cache user-generated content (UGC) in proximity to data 
sources. The authors devise the CUE framework based on 
“cloud-user-edge” cooperation, employing virtual resource 
coins to facilitate the edge-resource exchange. Several 
machine learning models are also collaboratively deployed 
to update the resource pricing, task offloading, and content 
caching strategies. Utilizing UGC to close the virtual resource 
coin recycling loop, the proposed CUE framework introduc-
es an inspiring edge resource sharing paradigm, which will 
profoundly impress the forthcoming and promising edge 
computing. The article, persuasively emphasizing the role of 
UGC in heterogeneous edge-resource exchange, which has 
never been seen in previous literature, captures a whole new 
perspective for the future edge ecosystem.

The third article, “Resource Management at the Network 
Edge: A Deep Reinforcement Learning Approach,” addresses 
the real-time resource management issue in edge computing. 
To pursue intelligent edge computing, the authors propose 
a model-free, deep-reinforcement-learning-based approach 
that can fit well to the network dynamics without any prior 
knowledge. The proposed framework can be applied to var-
ious scenarios in edge computing toward different goals of 
cost minimization, energy saving, or workload balancing. The 
authors verify the efficiency of their framework by investigat-
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ing a service migration strategy in reaction to the user move-
ment for cost minimization.

The fourth article, “Intelligent Architecture for Mobile 
HetNet in B5G,” presents a novel, intelligent architecture 
as a promising paradigm for the beyond 5G (B5G) hetero-
geneous networks to optimize network resource usage and 
network performance. The main idea is to build a suitable 
network model through AI, and integrate edge computing 
and cloud computing to improve computing performance. In 
addition, the authors give appropriate recommendations for 
the deep learning method relating to different network issues 
and discuss the challenges and open issues for B5G.

With rapid improvements in unmanned aerial vehicle 
(UAV) technology, interest in their use for flexible deploy-
ment to tackle task offloading has increased in academic 
circles. However, processing the tasks of mobile end users in 
an interactive manner between one UAV and mobile edge 
computing (MEC) fails to meet the demands of AI applica-
tions on a large scale. In the fifth article, “Ready Player One: 
UAV-Clustering-Based Multi-Task Offloading for Vehicular 
VR/AR Gaming,” the authors propose a new architecture 
for UAV-clustering-based, multi-modal, multi-task offloading 
by utilizing the collaborative optimization of computation, 
caching, and communication resources. This increases the 
efficiency of UAV clusters using AI decision making, and also 
provides the insight into the fusion of computation and com-
munications.

The sixth article, “Testbed Design and Performance Emula-
tion in Fog Radio Access Networks,” illustrates the first F-RAN 
experimental testbed with a performance emulation based 
on a high-definition video acquisition service. The authors 
propose a complete and intelligent paradigm to combine 
F-RAN and AI techniques, which leverages the open source 
software and general-purpose hardware platform. In partic-
ular, to cope with the dynamic network environment and 
intractable performance evaluation, AI-enabled video quality 
assessment is deployed and emulated. The emulation results 
show that the proposed testbed can lay out significant chanc-
es for future intelligent F-RAN algorithm design and AI-driven 
F-RAN demonstrations.

Integrating cognitive computing and AI into the Internet 
of Things (IoT) will greatly promote the development of the 
emerging IoT and bring a novel paradigm. In the seventh 
article, “Edge Intelligence in the Cognitive Internet of Things: 
Improving Sensitivity and Interactivity,” the authors investi-
gate innovative IoT systems assisted by edge computing and 
provide a detailed design to construct an intelligent edge 
consisting of two critical infrastructures, collaborative sensing 
and cognitive services, to enable the cognitive capacity of 
the IoT. Specifically, a Cognitive IoT (CIoT) framework based 
on edge intelligence is proposed to extensively improve the 
sensory capacity and quality of service (QoS). Furthermore, 
four representative applications based on the proposed 
scheme are presented to evaluate whether the QoS and the 
quality of experience (QoE) have been effectively improved 
compared to the conventional approaches.

As it combines AI and IoT, autonomous driving has 
attracted a great deal of attention from both academia and 
industry because of its benefits to the economy and society. 
However, ultra-low delay and ultra-high reliability cannot be 
guaranteed by individual autonomous vehicles with limited 
intelligence and the existing architectures of the Internet of 

Vehicles. In the eighth article, “Cognitive Internet of Vehicles 
for Automatic Driving,” based on a cloud/fog-computing pat-
tern and the IoT AI service framework, the authors propose a 
cross-domain solution for autodriving. In contrast to existing 
studies, which mainly focus on communication technologies, 
their solution achieves intelligent and flexible autonomous 
driving task processing and enhances the transportation per-
formance with the help of CIoT. 

In the ninth article, “Cascade-LSTM-Based Visual-Inertial 
Navigation for Magnetic Levitation Haptic Interaction,” the 
authors propose a high-efficiency and intelligent architec-
ture for a magnetic levitation haptic interaction network by 
introducing an incremental learning method to enable the 
efficient and reliable fusion of multi-modal information. The 
proposed architecture utilizes an incremental learning meth-
od to construct cascade LSTM networks and progressively 
learn the increments of target variables for enhancing inter-
action information fusion. This article is a groundbreaking 
work that integrates a novel incremental learning method 
into the online fusion of different frequency interaction infor-
mation to significantly enhance the intelligence and perfor-
mance of a magnetic levitation haptic interaction network. 
The incremental learning method is an elegant breakthrough 
to deal with the difficulty of simultaneously obtaining high 
precision and high frequency in magnetic levitation haptic 
interaction applications. The work will have a huge impact on 
the intelligent and immersive experience of future-generation 
haptic interactions.

The remaining articles focus on network services and 
applications that employ AI technology to solve security, 
anomaly detection, and location.

The 10th article, “Enabling a Secure Intelligent Network 
with Cloud-Assisted Privacy-Preserving Machine Learning,” 
focuses on utilizing machine learning to promote network 
performance, thus making the network more intelligent. 
The authors propose a framework that enables a secure 
intelligent network with the assistance of cloud-assist-
ed, privacy-preserving machine learning. The proposed 
framework guarantees the security and privacy of both 
the training data and the testing data in the sense that it 
takes advantage of differential privacy to perform priva-
cy-preserving data analysis and homomorphic encryption 
to conduct valid operations over encrypted data. The per-
formance evaluations demonstrate the practicability of the 
proposed framework.

The 11th article, “Data-Driven Network Intelligence for 
Anomaly Detection,” reviews the current development and 
challenges of network intelligence for anomaly detection. 
The authors propose a data-driven intelligence system for 
network anomaly detection with the support of fog comput-
ing. The proposed system consists of three major compo-
nents: fog-enabled infrastructure, a fog-enabled AI engine, 
and threat intelligence. The authors demonstrate that the 
proposed data-driven network intelligence system achieves a 
high detection accuracy and provides efficient computational 
performance.

In the last article, “Machine-Learning-Based Positioning: A 
Survey and Future Direction,” the authors propose a survey 
on machine-learning-based positioning methods from a ret-
rospective perspective and discuss possible future challenges 
and directions. Specifically, the proposed survey describes 
the basic taxonomy of location-based services and summariz-
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es the major issues associated with the design of the related 
systems, including outdoor localization and indoor localiza-
tion. In the combination of machine learning and positioning, 
the authors focus on deep learning and transfer learning 
techniques, providing a comprehensive analysis. In addition, 
the authors outline the key challenges and the open issues 
in the future. This article is a forward-looking survey in the 
field of machine-learning-based positioning, which makes 
the relevant technology development clearer. The proposed 
challenges and open issues can facilitate the further improve-
ment of machine-learning-based positioning. The work will 
have a huge impact on the intelligent and optimal control 
and operation of future positioning systems and services.

In closing, we would like to thank all the authors who 
submitted their research to this SI. We would also like to 
acknowledge the contribution of many experts in the field 
who have participated in the review process, and provided 
helpful suggestions to the authors to improve the content 
and presentation of the articles. We would particularly like to 
thank Professor Mohsen Guizani, the Editor-in-Chief, and the 
publishing team for their great support and helpful sugges-
tions and comments during the delicate stages of concluding 
this Special Issue.
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