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IEEE ACCESS SPECIAL SECTION EDITORIAL:
TRENDS AND ADVANCES IN BIO-INSPIRED
IMAGE-BASED DEEP LEARNING
METHODOLOGIES AND
APPLICATIONS

Many of the technological advances we enjoy today have
been inspired by biological systems due to their ease of
operation and outstanding efficiency. Designing technolog-
ical solutions based on biological inspiration has become a
cornerstone of research in a variety of areas ranging from
control theory and optimization to computer vision, machine
learning, and artificial intelligence. Especially in the lat-
ter few areas, biologically relevant solutions are becoming
increasingly important as we look for new ways to make arti-
ficial systemsmore efficient, intelligent, and overall effective.

It is generally acknowledged that the human brain is a
multitude of times more efficient than the best artificial intel-
ligence algorithms and machine learning models available
today. This suggests that there is still something fundamental
to learn from the way the brain processes information and
new biologically inspired ideas are needed to devise a more
effective form of computation capable of competing with the
efficiency of biological systems.

One of the hottest and most active research topics in the
field of machine learning and artificial intelligence right now
is deep learning. Deep learning models exhibit a certain kind
of biological relevance, but differ significantly from what
we see in the human brain in their structure and efficiency,
and the way they process information. Deep learning models,
such as convolutional neural networks, consist of several
processing layers that represent data at multiple levels of
abstraction. Such models can implicitly capture the intricate
structures of large-scale data and are closer in terms of infor-
mation processing mechanisms to biological systems than
earlier so-called shallow machine learning models.

However, despite the recent progress in deep learning
methodologies and their success in various fields, such as
computer vision, speech technologies, natural language pro-
cessing, medicine, and the like, it is obvious that current mod-
els are still unable to compete with biological intelligence.
It is, therefore, natural to believe that the state of the art in
this area can be further improved if bio-inspired concepts are
integrated into deep learning models.

The purpose of this Special Section is to present and dis-
cuss novel ideas, research, applications, and results related

to techniques of image processing and computer vision
approaches based on bio-inspired intelligence and deep learn-
ing methodologies. It aims to bring together researchers from
various fields to report the latest findings and developments
in bio-inspired image-based intelligence, with a focus on
deep learning methodologies and applications, and to explore
future research directions.

The submissions were expected to include a discussion
about the bio-inspired background of the presented method.
The authors had to explain how their method and its novelty
correlate with what we find in nature and/or organisms, brain,
psychology, and similar.

The Call for Papers aroused great enthusiasm in the sci-
entific community and received 47 submissions. Out of
these, six articles were accepted for inclusion in the Special
Section after a thorough review process by at least three
independent referees.

In the article by J. Li et al., ‘‘An end-to-end task-
simplified and anchor-guided deep learning framework for
image-based head pose estimation,’’ the authors present a
method that integrates the deep task-simplification oriented
image regularization module into the anchor-guided pose
estimation module, and formulate the head pose estimation
problem into a unified end-to-end learning framework. The
anchors are defined as images that strictly follow the gravity
rule in camera and are employed in the proposed anchor-
guided pairwise loss that describes the interdependent rele-
vance of poses between pairs of images.

In the article by Z. Li et al., ‘‘Towards adversarial robust-
ness via featurematching,’’ the authors introduce an enhanced
adversarial training approach that begins with an empirical
analysis of how the attention map of a deep neural network
on an image will change as the model undergoes attacks.
Motivated by the observation that the class-specific attention
gets diverted, they propose a regularizer encouraging the
consistency in attention maps of the clean image and its
adversarial counterpart.

In the article by S. Kim et al., ‘‘Bat-G2 net: Bat-inspired
graphical visualization network guided by radiated ultra-
sonic call,’’ the authors present a noise-immune bat-inspired
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graphical visualization network guided by the radiated ultra-
sonic call that can reconstruct 3-D shapes of a target from
ultrasonic echoes. The Bat-G2 net achieves noise-resiliency
by emulating bat’s auditory system that processes echoes
along with the highly correlated radiated ultrasonic call.
In order to extract the information contained in the echoes
robustly and effectively, two implementation ideas have been
applied to the Bat-G2 net: radiated-ultrasonic-call-guided
attention and nonlocal attention.

In the article by Yang et al., ‘‘DDaNet: Dual-path depth-
aware attention network for fingerspelling recognition using
RGB-D images,’’ the authors propose a network that learns
discriminative features related to fine-grained hand gestures
while suppressing the effect of color–depth misalignment.
Unlike existing approaches that independently process RGB-
D images, a dual-path depth-aware attention network that
learns a fingerspelling representation in separate RGB and
depth paths, and progressively fuses the features learned from
the two paths, is proposed.

In the article by Oblak et al., ‘‘Learning to predict
superquadric parameters from depth images with explicit and
implicit supervision,’’ the authors build on contemporary neu-
roscience literature that acknowledges that complex shapes
are represented as spatial arrangements of individual 3-D
parts in the human visual system. They present a novel solu-
tion for recovering volumetric primitives from depth images,
where they focus on the recovery of superquadrics, a special
type of parametric model that can describe a wide variety
of 3-D shapes using only a few parameters. They present a
new learning objective that relies on the superquadric (inside-
outside) function and develop two learning strategies for
training convolutional neural networks capable of predicting
superquadric parameters. The first uses explicit super-
vision and penalizes the difference between the predicted
and reference superquadric parameters. The second strategy
uses implicit supervision and penalizes differences between
the input depth images and depth images rendered from the
predicted parameters.

In the article by S. J. Kim et al., ‘‘Towards fast and accurate
object detection in bio-inspired spiking neural networks

through Bayesian optimization,’’ the authors present a thresh-
old voltage balancing method for object detection in spiking
neural networks, which utilizes Bayesian optimization to
find optimal threshold voltages in spiking neural networks.
They specifically design Bayesian optimization to consider
important characteristics of spiking neural networks, such
as latency and number of synaptic operations. Furthermore,
they introduce two-phase threshold voltages to provide faster
and more accurate object detection, while providing high
energy efficiency.

In conclusion, the Guest Editors of this Special
Section hope that it will benefit the scientific community and
contribute to the knowledge base. They express their gratitude
to the authors for their contributions, to the volunteering
referees for their dedication, and to the whole IEEE ACCESS

editorial staff for their support.
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