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Artificial Intelligence for  
Cognitive Wireless Communications

With the rapid development of wireless communica-
tion and networking technologies, novel informa-
tion services and applications are booming globally. 

Advanced communications and networks greatly enhance users’ 
experience and have had a significant impact on all aspects of 
people’s lives, including at home, at work, in social exchanges, and 
economically. Although these advanced techniques have exten-
sively improved users’ quality of experience (QoE), they are not 
adequate to meet the various requirements of seamless wide area 
coverage, high-capacity hotspot, low-power massive connections, 
low latency and high reliability, and other scenarios. 

Therefore, in order to satisfy the requirements of optimized 
management, dynamic configuration, and fast service composition, 
it is a great challenge to develop smart wireless communication 
and networking technologies. In this case, cognitive computing was 
put forward to meet the above challenges. Derived from cogni-
tive science and data analytics, cognitive computing can mimic or 
augment human intelligence, and exhibits great potential to power 
smart wireless communication networks. 

Under the new service paradigm, artificial intelligence (AI) is signif-
icant for cognitive wireless communications to meet various technical 
challenges. The application potential includes complicated decision 
making, wireless network management, resource optimization, and 
in-depth knowledge discovery in complex wireless networking envi-
ronments. At the same time wireless communication and network 
ecosystems have to be upgraded with new capabilities, including 
provisioning personalized and smart 5G network services assisted by 
data cognitive intelligence, advanced wireless signal processing based 
on deep learning, optimized wireless communication physical layer 
design based on reinforcement learning, adaptive wireless resource 
management based on cognitive power, and so on.

This Special Issue presents a comprehensive view of research 
challenges and opportunities regarding AI for cognitive wireless com-
munications in order to cope with the extreme demands of user 
experience, efficiency, and performance in a complex wireless net-
working environment. In response to the Call for Papers, we received 
over 50 paper submissions. After a careful review process, 13 out-
standing articles have been collected for this Special Issue.

In the first article, “Artificial Intelligence Empowered Edge Com-
puting and Caching for Internet of Vehicles,” the authors create 
an innovative AI-empowered vehicular network architecture that 
can intelligently orchestrate edge computing and caching to enable 
cross-layer offloading and cooperative multi-point caching. Leveraging 
advanced deep reinforcement learning (DRL), the proposed architec-
ture and solutions can significantly improve system utility by jointly 
optimizing edge computing and caching resources. This article is the 
first work in the literature that integrates AI into edge computing and 

caching to significantly enhance the intelligence and performance of 
vehicular networks. The DRL empowered edge resource manage-
ment and optimization mechanism is an elegant breakthrough to deal 
with the conflict between heterogeneous requirements of on-vehicle 
applications and the complexity of the vehicular environment. The 
work is a leading study to provide intelligence for the future genera-
tion autonomous driving.

In the second article, “When RFID Meets Deep Learning: Explor-
ing the Cognitive Intelligence for Activity Identification,” the authors 
introduce an advanced RFID activity identification framework, Deep-
Tag, in which a deep learning based approach is used for activity 
identification in multipath-rich environments. DeepTag gathers mas-
sive phase information from multiple tags, and preprocesses them 
to extract such key features as pseudospectrum and periodogram. 
Then the preprocessed signal power and angle information is fed into 
a deep learning architecture that combines a convolutional neural 
network (CNN) and a long short-term memory (LSTM) network. The 
proposed DeepTag framework can well adapt to both tag-attached 
and tag-free activity identification scenarios.

To address the limitations of conventional D2D communications 
and caching strategies, the third article, “COCME: Content-Orient-
ed Caching on the Mobile Edge for Wireless Communications,” 
proposes content-oriented caching on the mobile edge for wireless 
communications, which is caching adequate popular content on 
the mobile edge. The case study demonstrates that the proposed 
approaches can effectively decrease the traffic load by consuming 
an acceptable volume of storage resources on mobile edges.

The fourth article, “Deep Learning Based Energy Efficiency 
Optimization for Distributed Cooperative Spectrum Sensing,” 
investigates the application of deep learning techniques for wire-
less communication systems with a focus on energy efficiency 
optimization for distributed cooperative spectrum sensing. A com-
binatorial optimization problem is constructed by formulating the 
energy efficiency of distributed cooperative sensing. Based on this 
formulation, the authors develop a deep learning framework by 
means of integrating a graph neural network and reinforcement 
learning to improve the overall system energy efficiency. Simula-
tion results under different network scales demonstrate the effec-
tiveness of the proposed approach.

In the fifth article, “A Data-Centric Cognitive Gateway with 
Distributed MIMO for Future Smart Homes,” the authors first 
research the-state-of-the-art techniques and solutions for smart 
home infrastructure, and discuss both their advantages and disad-
vantages. Then they propose a data-centric cognitive gateway that 
is simple, efficient, and secure for smart homes. In addition, the 
article investigates the trade-off among deployment cost, routine 
maintenance overhead, and system security.
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The sixth article, “Fog Computing for Smart Grid Systems in 5G 
Environment: Challenges and Solutions,” focuses on handling the 
latency issue during the data analytics in smart grid using fog com-
puting, which acts as a bridge between SG and cloud computing to 
fill the gap between processing power of remote data centers and 
smart devices in SG systems. The authors discuss the architecture of 
SG in the context of fog computing for making the decision about 
energy requirement by the smart devices at the fog layer. Moreover, 
the communication and computing aspects are also explored in the 
context of 5G network infrastructure.

AI provides intelligent computing and optimized design meth-
ods for cognitive wireless network and attempts to effectively 
utilize deep learning and reinforcement learning to meet the 
resource allocation demands in wireless networks. In the seventh 
article, “Intelligent Cognitive Radio in 5G: AI-Based Hierarchical 
Cognitive Cellular Networks,” the authors propose a novel par-
adigm for 5G cellular communication networks, a distributed 
cognitive cellular network that integrates AI and CR technologies 
into a sophisticated multi-agent system. Based on multi-agent rein-
forcement learning, the article makes the dynamic resource allo-
cation balance among PUs, SUs, and BSs. The results show that 
the method could improve the utilization of spectrum resources 
in a cognitive cellular network.

In the eighth article, “An Audio-Visual Emotion Recognition Sys-
tem Using Deep Learning Fusion for Cognitive Wireless Frame-
work,” the authors propose an automatic audio-visual emotion 
recognition system in a connected healthcare framework. A 2D 
CNN model and a 3D CNN model are utilized to obtain the speech 
modality and visual modality, respectively. The proposed system is 
evaluated on three databases, and the experiments prove the great 
performance of the system. In the healthcare framework, edge 
computing is the basis of the intensive processing cloud computing. 
In the edge computing, the article realizes edge caching that can 
store the CNN model parameters. Therefore, it is also demonstrated 
that the method could achieve high performance in the test.

The ninth article, “Fusion of Cognitive Wireless Networks and 
Edge Computing,” addresses the computing resource waste issue 
in the context of the large-sized IoT. The authors propose a novel 
method for achieving a cost-efficiency goal, which emphasizes the 
cognitive wireless communications in which edge computing tech-
niques and reinforcement learning algorithms are combined. The 
experimental evaluations show that the proposed paradigm could 
dramatically reduce computing costs, such as energy consumption

The 10th article, “Toward Intelligent Network Optimization in 
Wireless Networking: An Auto-Learning Framework,” pays atten-
tion to using machine learning (ML) techniques to deal with the 
network optimization problems (NOPs) in wireless communi-
cation systems (WCSs). The authors propose an auto-learning 
framework (ALF) to achieve intelligent and automatic network 
optimization, and further list six ML-models in ALF, including auto-
matic model construction, experience replay, efficient trial and 
error, RL-driven gaming, complexity reduction, and solution rec-
ommendation. These ML-based proposals provide new insights 
and motivations for dealing with the NOPs in WCSs.

The 11th article, “Artificial Intelligence Based Data Analytics for 
Cognitive Communication in Heterogeneous Wireless Networks,” 
focuses on constructing intelligent and effective cognitive commu-
nication with the assistance of AI-based data analytics. The authors 
propose a novel AI-driven data analytics based spectrum alloca-
tion algorithm, which enables the adaptive adjustment of the allo-
cation parameters according to the network environmental status 
during allocating spectrum to users. Deep learning technology is 
also used to adaptively adjust parameters on the basis of network 
status during the spectrum allocation process. The proposed algo-
rithm can improve the spectrum utilization rate in heterogeneous 
wireless networks.

The 12th article, “CONet: A Cognitive Ocean Network,” 
attempts to apply cognitive intelligence to ocean network appli-
cations. The authors propose an AI-aware perception sensor layer, 
an AI-empowered fog layer, and a smart cloud layer applied to 
future cognitive ocean networks. Meanwhile, the authors also 
point out the future trends and some issues of the CONet. From 
testbed experiments, the proposed architecture can improve the 
experience of exploring the ocean in the future.

In the last article, “Intelligence at the Edge of Complex Net-
works: The Case of Cognitive Transmission Power Control,” the 
authors explore the latest development path in the field of AI and, 
particularly, ML may help solve the complex requirements of IoT 
communications, especially acting in the crucial role of “predictive” 
communications. The authors illustrate the software architectures 
and the fundamental mechanisms based on AI in communica-
tions. Finally, the article introduces an exemplary case study where 
ML is successfully employed to find the delicate balance between 
spectrum and energy efficiency in wireless sensor networks. The 
emerging panorama for cognitive communications is one in which 
intelligent processes must start at the very edge and need to transfer 
meta-learned information in a peer-to-peer fashion.

In closing, we would like to thank all the authors who submit-
ted their research work to this Special Issue. We would also like 
to acknowledge the contribution of many experts in the field who 
have participated in the review process, and provided helpful sug-
gestions to the authors to improve the contents and presentations 
of the articles. We would in particular like to thank Prof. Yi Qian, 
the Editor-in-Chief, and the publishing team for their support and 
very helpful suggestions and comments during the delicate stages 
of concluding the special issue.
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