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Guest Editorial
Special Issue on Computational Intelligence
for Perception and Decision-Making
of Autonomous Systems

Due to powerful capabilities in environmental perception,
real-time computing, and intelligent decision-making, au-
tonomous systems have demonstrated their great potential to
efficiently accomplish a variety of complex tasks that humans
cannot. Hence, autonomous systems are able to facilitate the
development of almost every walk of life and have attracted
increasing attention from both academia and industry. However,
given high dimensional, heterogeneous, unstructured, and un-
predictable data sampled from different modalities of sensors,
autonomous systems with conventional algorithms may fail to
acquire the accurate information related to the environment, and
make the appropriate decision to complete assigned tasks. No-
tice that recent advanced computational intelligence algorithms
including deep neural networks and evolutionary algorithms
have the unique ability to efficiently extract useful information
from the multi-source heterogeneous data, and thus have been
successfully applied in the fields of computer vision, natural
language processing, and so on. Therefore, it is promising to
have a thorough and tight integration between computational
intelligence and autonomous systems by upgrading advanced
and innovative computational intelligence algorithms to ensure
high-level environmental perception and decision-making of
autonomous systems.

This special issue aims to report the most recent advances
in computational intelligence-based technologies and method-
ologies for improving the perception and decision-making of
autonomous systems. As one of the important branches of
artificial intelligence, the emerging computational intelligence
is promising to enhance the perception ability of autonomous
systems by means of semantic segmentation, depth assessment,
object detection, environmental 3D structure perception and
ego-motion estimation. Besides, the decision-making ability
of autonomous systems can also be improved with the usage
of multitude computational intelligence methods such as deep
learning, reinforcement learning, and evolutionary computation.
Given this, the purpose of this special issue is to address chal-
lenging bottleneck problems of extending computational intelli-
gence to autonomous systems in practical application scenarios.

In order to realize the aforementioned goals, the guest editors
of this special issue of IEEE Transactions on Emerging Topics
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in Computational Intelligence (TETCI) have comprehensively
evaluated the originality, quality, and relevance of all the submit-
ted papers. Through a rigorous and careful review process, seven
high-quality papers have been selected for publication. Overall,
these papers provide very feasible and interesting approaches
from different perspectives of computational intelligence to
explore means to improve the perception and decision-making
of autonomous systems. Through these selected papers, re-
searchers can intuitively understand the states-of-the-art, chal-
lenges, and future directions in applying computational intelli-
gence to autonomous systems. The details of these papers are
given below.

In the aspect of environmental perception, three of the selected
papers dedicate to developing computational intelligence algo-
rithms to accurately monitor the process state of different types
of autonomous systems. Specifically, the paper entitled “Moni-
toring Social Distancing with Single Image Depth Estimation”
by Alessio Mingozzi et al. proposes a deep learning algorithm
to realize the single RGB image-based depth estimation, which
can perceive the 3D structure of the observed scene and estimate
the distance between people. Compared with previous computer
vision-based deep estimation, the proposed algorithm does not
need to allocate additional depth sensors and can maintain a
high-level computational efficiency in the meanwhile. More-
over, by employing a calibrated LIDAR + RGB camera to obtain
the indoor and outdoor images, the proposed method is validated
to enable sufficiently reliable estimation of the inter-personal
distance to monitor social distancing effectively.

To improve the efficiency and accuracy of monitoring the
pharmaceutical product quality in drug manufacture, the paper
entitled “Pharmaceutical Foreign Particle Detection: An Effi-
cient Method Based on Adaptive Convolution and Multiscale
Attention” by Junfei Yi et al. proposes an end-to-end deep learn-
ing algorithm to locate and classify foreign particles. By utilizing
the pixel-adaptive feature extraction, multiscale attention-based
feature fusion, and feature-selective anchor-free detection, the
proposed method can efficiently extract fine-grained features of
particles and quickly detect foreign particles in liquid pharma-
ceuticals.

Considering the low efficiency and accuracy of brain decoding
based on the Electroencephalography (EEG) channel, the paper
entitled “Efficient Brain Decoding Based on Adaptive EEG
Channel Selection and Transformation” by Jiaxing Wang et al.
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proposes an efficient end-to-end brain decoding model named
AdaEEGNet, which adaptively selects the input channels to
reduce the computational cost, and reduces the over-fitting to
improve the classification accuracy. The experimental results
show that the proposed method has an effect in improving the
efficiency and accuracy of brain decoding, and thus the brain
activities can be monitored and identified with less classification
error.

While in the aspect of decision-making, the rest of the se-
lected papers contribute to intelligently determining the optimal
strategy for autonomous systems on the basis of computational
intelligence. The paper entitled “Optimal Actor-Critic Policy
with Optimized Training Datasets” by Chayan Banerjee et al.
proposes a strategy to optimize the training datasets for the
Actor-Critic (AC) algorithm and improve its sampling efficiency.
Compared with other contemporary AC algorithms, the pro-
posed method has a higher sampling efficiency, faster conver-
gence speed, and more data-efficiency, and thus has a better
performance in controlling autonomous systems.

In the environment of multi-player dynamic games, learn-
ing the winning strategies for monopoly helps to optimize the
decision-making process for the players. The paper entitled “De-
cision Making in Monopoly Using a Hybrid Deep Reinforce-
ment Learning Approach” by Trevor Bonjour et al. proposes
a hybrid approach that combines deep reinforcement learning
with a fixed-policy approach, and develops learning agents using
proximal policy optimization (PPO) and double deep Q-learning
(DDQN) algorithms. According to experimental results, the
agents with the proposed method have a higher win rate than
the traditional fixed-policy agents.

To ensure that a mobile robot with dual arms can fulfill an
explosive disposal task, the paper entitled “Motion Planning and
Cooperative Manipulation for Mobile Robots with Dual Arms”
by Fuchun Sun et al. proposes a hybrid control approach, which
utilizes a rapidly-exploring random tree-based motion planning
to realize dynamic collision avoidance, develops the dual-arm
master-slave coordinated mechanism to achieve the trajectory
planning, advances the impedance control approach with slip-
page detection to produce a stable in-hand manipulation, and
employs the Faster R-CNN to determine the grasping region for
robot manipulation.

Finally, the paper entitled “Multi-Robot Learning Dynamic
Obstacle Avoidance in Formation with Information-Directed
Exploration” by Junjie Cao et al. proposes an algorithm to
generate distributed collision-free velocities for multi-robot,
and maintain multi-robot formation in the meanwhile. The
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decision-making of adaptive formation is trained by distributed
reinforcement learning to avoid dynamic obstacles on the top of
consensus velocities, and the optimal policy is constructed by
the Bayesian Linear Regression based on a neural network.

In summary, this special issue presents seven key papers that
propose advanced and novel computational intelligence tech-
nologies to substantially improve the environmental perception
accuracy and intelligent decision-making ability of autonomous
systems. As guest editors, we would like to express our sincere
thanks to all the authors who submitted their work to this special
issue, and all the reviewers for their great efforts in ensuring
the quality of the selected papers. In addition, we would like
to express our heartiest gratitude for the great support of the
Editor-in-Chief, Prof. Yew-Soon Ong and Editorial Assistant
Ms. Chit Lin Su throughout the editing process of this special
issue. We hope that all the selected papers can further accelerate
the development of autonomous systems in various application
fields such as industrial manufacturing, urban transportation,
and medical care, to name a few.
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