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Preface

This volume comprises of papers presented at the 11th IFIP International Conference
on Intelligent Information Processing (IIP 2020). As the world proceeds quickly into
the Information Age, it encounters both successes and challenges, and it is well rec-
ognized that intelligent information processing provides the key to solve many chal-
lenges in the Information Age. Intelligent information processing supports the most
advanced techniques that are able to change human life and the world. However, the
path to success is never a straight one. Every new technology brings with it many
challenging problems, and researchers are in great demand to tackle these. This con-
ference provides a forum for engineers and scientists from research institutes, uni-
versities, and industries to report and discuss their latest research progresses in all
aspects of intelligent information processing.

We received more than 36 papers, of which 24 papers are included in this program
as regular papers and 5 as short papers. All papers submitted were reviewed by three
reviewers. We are grateful for the dedicated work of both authors and reviewers.

A conference such as this cannot succeed without help from many individuals who
contributed their valuable time and expertise. We want to express our sincere gratitude
to the Program Committee members and referees, who invested many hours into
reviews and deliberations. They provided detailed and constructive review comments
that significantly improved the quality of the papers included in these proceedings.

We are very grateful to have the sponsorship of the following organizations: IFIP
TC12, Key Laboratory of Brain Machine Collaborative Intelligence of Zhejiang Pro-
vince at Hangzhou Dianzi University and Institute of Computing Technology, Chinese
Academy of Sciences. We specially thank Wanzeng Kong, Jianhai Zhang and Yang
Song for organizing the conference and Xuanyu Jin, Wenfen Ling for carefully
checking the proceedings.

Finally, we hope you find this volume inspiring and informative. We wish that the
research results reported in these proceedings will lead to exciting new findings in the
years to come.

March 2020 Zhongzhi Shi
Sunil Vadera

Elizabeth Chang
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Tensor Networks and Their Applications
in Image and Time Series Reconstruction

and Prediction

Andrzej Cichocki

Skolkovo Institute of Science and Technology (SKOLTECH), Russia

Abstract. Tensor factorizations/decompositions and their extensions tensor
networks have become emerging techniques in AI and machine learning
methods. Tensor networks have already been successfully used over a number
of applied areas in machine learning, including deep neural networks, gener-
alized regression, classification, clustering, support tensor machines (STM),
tensor canonical correlation analysis (TCCA), higher order partial least squares
(HOPLS), multilinear independent component analysis (MLICA), Non-negative
Tensor Factorization (NTF), multiway robust PCA (MRPCA), and Higher order
SVD.
In this talk, we will start with a brief overview of these applications, and

special emphasis will be given to emerging applications in image reconstruc-
tions and enhancement, and higher order time series forecasting (TSF).



Behavior Based Artificial Intelligence
from the Perspective of Automatic Control

Fuchun Sun

Tsinghua University, China

Abstract. In the development of human society, the invention and use of
machinery is an important sign of human beings entering into industrialization,
and machinery becomes an independent actuator, which realizes the separation
of executor and action instruction sender from us as humans. Furthermore, the
emergence of artificial intelligence makes it possible for a machine to become a
sender of instructions through interactions with the environment and humans,
and as a result, the sender and executor of the instruction are unified as the
machine itself. This report systematically analyzes behavior-based artificial
intelligence from evolution of automatic control. Then, taking into account the
topic “how to sense like a human being,” the talk puts forward the framework of
robot active perception, introduces the main achievements of the team in visual
multi-target detection, visual tactile representation, multimodal fusion, and
developmental learning, and tackles “how to operate like a human being” as a
problem, providing the main achievements of the team in learning smart oper-
ation skills such as active imitation learning and preference learning achieve-
ments. Next, taking into account the topic “how to make decision like a human
being,” some new points are given in terms of micro-size intelligence. Finally,
the development trend of robot dexterous operation skill learning under the
condition of incomplete information is given.



Tensor Network Representations
in Machine Learning

Qibin Zhao

RIKEN AIP, Japan

Abstract. Tensor networks are factorizations of very large tensors into networks
of smaller tensors, it is shown to be a general extension of typical tensor
decomposition to high dimensional case. Recently, tensor networks are also
increasingly finding applications in machine learning such as model compres-
sion or acceleration of computations. In this talk, I will first present the general
concept of tensor network related research in machine learning, and then
introduce our studies on fundamental tensor network model, algorithm, and
applications. In particular, the tensor ring decomposition model is introduced
and shown to be a powerful and efficient representation. In addition, we will
present recent progresses on how tensor networks can be employed to solve
challenging problems in tensor completion, multi-task learning, and multi-modal
learning.



Uncertainty Between Prediction
and Interpretability

Junping Zhang

Fudan University, China

Abstract. The goal of artificial intelligence is to approximate human’s minds,
making a computer indistinguishable with human beings. In the era of deep
learning, we see the prediction performance of computer program is almost
superior to that of human. However, the higher the prediction performance, the
farther the distance that we reach the real intelligence. In this talk, I will discuss
this issue from the view of the uncertainty between prediction and inter-
pretability, and mention some possible direction based on the uncertainty
principle.



Neuromorphic Computing Approach
to Auditory and Visual Perception

Huajin Tang

Zhejiang University, China

Abstract. Neuromorphic computing has become an important methodology to
emulate brain style intelligence. This talk will present an overview of neuro-
morphic approach to auditory and visual perception and highlight the recent
state of the art.

In recent years neuromorphic computing has become an important
methodology to emulate brain style intelligence. There has been rapid progress
in computational theory, learning algorithms, signal processing, and circuit
design and implementation. By using neural spikes to represent the outputs of
sensors and for communication between computing blocks, and using spike
timing based learning algorithms, neuromorphic computational models and
hardware have achieved promising real-time learning performance. This talk
will start by introducing the computational principles and architecture found in
neural systems, and present a new theme of neuromorphic approach to auditory
and visual perception. In neuromorphic vision, the model extracts temporal
features embedded in address-event representation (AER) data and discriminates
different objects by using spiking neural networks (SNNs). We use multispike
encoding to extract temporal features contained in the AER data. These temporal
patterns are then learned through a spiking neural network using a supervised
learning algorithm. The presented model is consistently implemented in a
temporal learning framework, where the precise timing of spikes is considered
in the feature-encoding and learning process. For neuromorphic auditor per-
ception, I will introduce a robust multi-label classification model based on deep
spiking neural networks to handle multi-pitch estimation tasks. In this model, we
propose a novel biological spiking coding method that fits the expression of
musical signals. This coding method can encode time, frequency, and intensity
information into spatiotemporal spike trains. And the spatio-temporal credit
assignment (STCA) algorithm is used to train deep spiking neural networks.



Neuromusicology with Machine
Learning – How Human Understands Music

Toshihisa Tanaka

Tokyo University of Agriculture and Technology, Japan

Abstract. This talk addresses my recent neurophysiological studies of music
cognition. I will talk about the neural entrainment to the familiarity of a listener
with music using both the electroencephalogram (EEG) signals and the music. It
is shown that the cross-correlation between EEG and the music when listening
to unfamiliar music is significantly stronger than that when listening to familiar
music. Moreover, the familiarity of music can be classified by machine learning
techniques such as neural networks and support vector machines.



Intelligent Analysis of Brain Imaging for Early
Diagnosis of Brain Diseases

Daoqiang Zhang

Nanjing University of Aeronautics and Astronautics, China

Abstract. In recent years, the brain research projects have received considerable
public and governmental attention worldwide. Brain imaging technique is an
important tool for brain science research. However, due to the high-dimensional,
multi-modality, heterogenous, and time-variant characteristics of brain images, it
is very challenging to develop both efficient and effective methods for brain
image analysis. In this talk, I will introduce our recent works on intelligent
methods of brain imaging, based on machine learning techniques. Specifically,
this talk will cover the topics including multi-modal brain image fusion and
classification, image genomic association analysis, functional alignment and
brain network analysis, as well as their applications in early diagnosis of brain
disease and brain decoding.



Data-Driven Security Analysis of Machine
Learning Systems

Chao Shen

Xi’an Jiaotong University, China

Abstract. Human society is witnessing a wave of machine learning (ML) driven
by deep learning techniques, bringing a technological revolution for human
production and life. In some specific fields, ML has achieved or even surpassed
human-level performance. However, most previous ML theories have not
considered the open and even adversarial environments, and the security and
privacy issues are gradually rising. Besides of insecure code implementations,
biased models, adversarial examples, sensor spoofing can also lead to security
risks, which are hard to be discovered by traditional security analysis tools. This
talk reviews previous works on ML system security and privacy, revealing
potential security and privacy risks. Firstly, we introduce a threat model of ML
systems, including attack surfaces, attack capabilities, and attack goals. Sec-
ondly, we analyze security risks and countermeasures in terms of four critical
components in ML systems: data input (sensor), data preprocessing, ML model,
and output. Finally, we discuss future research trends on the security of ML
systems. The aim is to rise the attention of the computer security society and the
ML society on security and privacy of ML systems, and so that they can work
together to unlock ML’s potential to build a brighter future.
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