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As a research-led university, XJTLU is keen to support our staff to use their wisdom to help people
improve their quality of life by first class research. We are proud of the research spirit inherited from
our parent institutions, the University of Liverpool and Xi’ an Jiaotong University, and nurtured in the
entrepreneurial process to bring this university to be a unique future-oriented international university.
XJTLU is internationally recognised as a leading Chinese university for innovative education, and as an
international university in China with a well-respected research reputation, especially in industry-linked
research.

Our research has developed incredibly rapidly in a broad range of areas which address global
natural and social issues, allowing us to grow in research strength while feeding significant outcomes
back into society. Increasing the quality of research outputs is important in establishing a university, but
so too is raising impact. As we celebrate the 15th anniversary, it s just the time to look back on the
way we have come so far and the achievements we have made in research.

With great emphasis on both fundamental studies and applied research, XJTLU researchers are able

to develop their full potential and fulfil their career development dreams while addressing the challenges

of the 21st Century. As a research-led university, we will create a favourable research ecosystem by
collaborating with the society, the industry, and the government. We welcome you to join our research
community.



INTRODUCTION

Xi'an Jiaotong-Liverpool University (XJTLU] is an international joint venture university with independent legal
entity and distinctive features. Approved by the Chinese Ministry of Education, XJTLU was founded in 2006 by Xi'an
Jiaotong University and University of Liverpool. As a research-oriented university, the university places enhancing
its research capabilities as its development priority. In recent years, taking advantage of the rich research and
international resources from three universities of three countries, XJTLU has been constructing a research system
that promotes ecological integration and value creation.

Equipped with modern research facilities, XJTLU provides its staff with international research environment
to work in. Taking the advantages of the international resources of three universities, XJTLU has been actively
establishing excellent partnerships with external entities such as local government, industrial partners, domestic
and foreign institutions and other universities, and has worked hard to build a high-level research community and
an excellent research reputation. Throughout the fifteen years since its founding, XJTLU has actively undertaken
government research projects and has achieved remarkable results. According to statistics, from its establishment
to 2020, XJTLU has undertaken a total of 324 scientific research projects at national, provincial and municipal
levels, with approved scientific research funding of RMB 64,713,500, including 114 national projects with approved
scientific research funding of RMB 38,605,000, 102 provincial projects with approved scientific research funding of
RMB 11,994,000, 64 municipal projects with approved scientific research funding of RMB 7,235,000, and 44 other
government projects, with research funding of RMB 6,879,400. It is particularly noteworthy that, as a Sino-foreign
joint venture university, the awarded rate of the National Natural Science Foundation of China(NSFC) projects for
young foreign scholars is as high as 30.77%, which is a high level among universities in China; the approval rate of
the continuation projects of the NSFC also reaches 33%, which shows the high quality of our international research
scholars. Meanwhile, in order to further improve the research level of XJTLU and deepen the social impact of the
University on the local economic development, the Key Programme Special Fund (KSF) has been jointly funded
by Suzhou Dushu Lake Science and Education Innovation Zone Management Committee, Suzhou Industrial Park
Bureau of Science, Technology and Informatization and XJTLU since 2017. By the end of 2020, 93 projects had been
approved with research funding of RMB 38,715,500.

With the strong support of all levels of the government and university leadership, XJTLU scholars have lived
up to the expectations and achieved fruitful research results. According to the statistics from the Web of Science
database, by the end of 2020, XJTLU scholars had published 3409 papers. There had been a total number of 26231
citations for those papers. In addition, from the establishment of the university to the end of 2020, XJTLU scholars
had applied for 335 patents, including 240 inventions, 71 utility models, 3 designs, 9 Patent Cooperation Treaty
(PCT), and 12 software copyrights. There were 123 authorized patents, including 50 inventions, 60 utility models, 3
designs, 1 Patent Cooperation Treaty (PCT), and 9 software copyrights. XJTLU scholars have actively interacted with
the government and all sectors of the community, and their research influence has been widely disseminated in the
academic community both at home and abroad.

XJTLU’s research focuses on global social issues. Despite its late start, XJTLU has strived to strengthen its
foundation, forge ahead, pioneer and innovate. Through the unremitting efforts of XJTLU researchers, we have
achieved rapid growth in relevant disciplines over the past fifteen years. The 2006-2020 Compilation on XJTLU
Research Achievements - Research Grants summarises the achievements of 196 completed government-
funded research projects since the founding of the University, including 143 in natural sciences and 53 in social
sciences. The projects cover 12 fields of natural sciences and social sciences at national, provincial and municipal
levels including Artificial Intelligence, New Energy, Biomedical Engineering, Advanced Environmental Protection,
Biomedical, Frontier New Materials, etc. Following the concept of sustainable development, XJTLU is committed
to serving local economic and social development and further promoting the virtuous cycle of research inputs and
outputs. We believe that XJTLU and its researchers will continue to work hard in the next fifteen years to achieve
even more brilliant results and continue to promote research achievements to contribute to technological innovation,

industrial upgrading and harmonious social development.
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The development of Artificial Intelligence is changing rapidly,
and it has gradually come out of the laboratory and empowered the
innovation and economic development of the Yangtze River Delta.
The Department of Intelligent Science of Xi’an Jiaotong-Liverpool
University (XJTLU) is affiliated with the School of Advanced Technology,
and has obtained world-class achievements in the intelligent sciences
areas including machine learning and computer vision. XJTLU is
active in research and business cooperation with international and
national research institutes and industry, and has obtained supporting
funds from the National Natural Science Foundation of China (NSFC).
By 2020, four research units in the field of Al have been established
at XJTLU, including Suzhou Municipal Key Laboratory of Cognitive
Computing and Applied Technology, Platform for Suzhou Municipal Key
Lab of Virtual Reality Technology, Intelligent Computing and Financial
Technology Laboratory, and Al University Research Centre.

Artificial
Intelligence (Al)




1.National Projects

Project 1: High-Degree Information Fusion in Multi-Camera Video
Surveillance

Application code: F030410 (Department of Information Sciences)

| Ming Xu

Programme category: National Natural Science Foundation of China [NSFC) - General Programme

Technical fields: Machine Vision, Image Analysis, Al

Introduction: Based on the theory of machine vision and image analysis, the research of this project took intelligent video

surveillance as the application background, and started to research the method of reliably detecting targets with medium density

or above which are occluded by each other. According to the method of highly information fusion by homography mapping

between image planes, we proposed a method of homography mapping polygon vertices in foreground area, which can realize

highly foreground information fusion in real time, and proposed a method of estimating homography matrix based on multi-

layer parallel plane by collecting data from pedestrians, which has wide application range and takes into account the uncertainty

in the process of data collection. In addition, we also proposed to use homography mapping of color information in the image to

identify static obstacles and false alarm in multi-view foreground detection. On the basis of multi-camera information fusion, we

solved the issue of eliminating shadow areas in motion detection.

Research achievements:

1) Publications (SCI. SCIE. SSCI. A&HCI, El only)

Keywords: Video Monitoring, Target Detection, Homography Transformation, Information Fusion

No. Category |Title Author(s) Journal Title Publication Date
(1) El, SCI Visual tracking of partially Ming Xu., Tim Ellis, |IET Computer Vision 2011.01
observable targets with Simon J. Godsill,
suboptimal filtering Graeme A. Jones
(2) El, SCI Robust object detection with Ming Xu, Jie Ren, Optical Engineering 2012.04
real-time fusion of multiview Dongyong Chen,
foreground silhouettes Jeremy S. Smith
Zhechi Liu, Tianyuan
Jia
(3) ElLISTP  [Multiview pedestrian localisation [Yuyao Yan, Ming Xu,  [IEEE International 2017/09/17-
via a prime candidate chart based [Jeremy S. Smith Conference on Image 2017/09/20
on occupancy likelihoods Processing (ICIP), pp. 2334-
2338, Beijing, China, October
2017.
(4) El, SCI Multi-view and multi-plane data |Jie Ren, Ming Xu, Multidimensional Systems  |2016.10
fusion for effective pedestrian Jeremy S. Smith, Shi |and Signal Processing, 27 (4):
detection in visual surveillance  |Cheng 1007-1029, Springer, 2016.
(5) El, SCI Multi-view visual surveillance and|Jie Ren, Ming Xu, Multimedia Tools and 2018.05
phantom removal for effective Jeremy S. Smith, Applications, 77 (14): 18801-
pedestrian detection Huimin Zhao, Rui 18826, Springer, 2018.
Zhang

of Engineering and Technology (IET), IET Computer Vision Premium Award, Best Paper Prize, 2012/11/22 , BEtxiE

Awards: Ming Xu. Tim Ellis. Simon J. Godsill. Graeme A. Jones ,

(6) El, SCI Generalized vertical projection Yuyao Yan, Ming Xu, |[ET Electronics Letters, 2019.05
histograms using multi-plane Jeremy S. Smith 55(10): 593-595, 2019
homology

(7) El, SCI Moving Shadow Detection via Lei Lu, Ming Xu, IET Computer Vision, pp. 665-{2020.12
Binocular Vision and Colour Jeremy S. Smith, 673, 14(8), 2020..
Clustering Yuyao Yan.

(8] El, SCI Multicamera people detection Yuyao Yan, Ming Xu,  |Pattern Recognition, pp. 1-14,{2021.04
using logic minimization Jeremy S. Smith, Mo |Vol. 112, Article No. 107703,

Shen, Jin Xi 2021..

(9] El,ISTP  [REAL-TIME DETECTION VIA Xu, Ming. Ren, Jie, |2011 IEEE International 2011/9/11-
HOMOGRAPHY MAPPING OF Chen, Dongyong. Conference on Image 2011/9/14
FOREGROUND POLYGONS FROM |Smith, Jeremy, Wang,|Processing
MULTIPLE CAMERAS Guifen

(10) EI,ISTP  [PRUNING PHANTOM Jie Ren, Ming Xu, 2012 IEEE International 2012/09/30-
DETECTIONS FROM MULTIVIEW  [Jeremy S. Smith Conference on Image 2012/10/03
FOREGROUND INTERSECTION Processing

(11) El, ISTP  [Cast Shadow Removal in Motion [Ming Xu. LeilLu, 2012 IEEE International 2012/10/14-
Detection by Tianyuan Jia, Jie Conference on Systems, Man,[2012/10/17
Exploiting Multiview Geometry Ren. JeremyS. Smith{and Cybernetics

(12) El,ISTP  |A colour statistical Approachto  [Jie Ren, Ming Xu. 2012 |IEEE International 2012/10/14-
phantom pruning in multi-view  |Jeremy S. Smith Conference on Systems, Man,[2012/10/17
detection and Cybernetics

(13) El, ISTP  |Robust Localisation of Ming Xu. Tianyuan  [2012 IEEE International 2012/10/14-
Pedestrians with Cast Shadows |Jia. Lei Lu, JeremyS.|Conference on Systems, Man,|2012/10/17
Using Smith and Cybernetics
Homology in A Monocular View

(14) El,ISTP  [A multiview approach to robust ~ [Ming Xu. Jie Ren. 2011 Sixth International 2011/8/12-
detection in Dongyong Chen Conference on Image and 2011/8/15
the presence of cast shadows Jeremy S. Smith Graphics

Zhechi Liu

(15) El, ISTP  [Multi-view pedestrian detection [Jie Ren, Ming Xu, IEEE International 2015/04/20-

using occupancy colour matching |Jeremy S. Smith. Conference on Multimedia  |2015/04/22
Big Data (BigMM), pp. 300-
305, Beijing, China, 2015
2) Others

2012 IET HENME R |, Institution




Project 2: Cross-Domain and Collective Pattern Classification Theory
and Applications

| Kaizhu Huang

Application code: F060301 (Department of Information Sciences)

Programme category: National Natural Science Foundation of China [NSFC) - General Programme
Technical fields: Pattern Recognition, Computer Vision, Artificial Intelligence

Introduction: This project researches the theoretical methods and application of interdisciplinary overall pattern
classification with respect to independently identically distributed data of many heterogeneous disciplines. The method of
interdisciplinary overall pattern recognition is intended to utilize the complementarity and correlation of interdisciplinarily
heterogeneous data, and break the assumption of independently identical distribution of data in the disciplines, and does
not classify each sample independently. It, however, performs multi-discipline collaborative learning, and process the
intradisciplinary data with the same characteristics as a whole and classify them simultaneously, so as to effectively use
the connection between the disciplines and between the data to improve the recognition performance. The research goal
is completed very well in this project. Specifically, 1) we have developed a series of overall pattern recognition and machine
learning algorithms with good innovation performance, good theoretical value and practicality. With respect to the generative
models, discriminative models and neural network, we have expanded and developed the overall pattern recognition algorithm.
2] We published 2 academic writings (in English) and a series of high-level papers-29 papers published in major international
journals of machine learning and pattern recognition including 21 SCI papers and 6 IEEE Trans papers; and 17 papers published
in major international academic conferences, exceeding our research goal. Our research achievements won four championships
in the ICDAR 2015, the Best Candidate Paper Award in ICONIP 2017 and the Best Student Paper Award in BICS 2018. 3) We have
issued a set of interdisciplinary overall recognition databases for researchers, including such data as facial expression, multi-
pose data and handwritten character.

Keywords: Interdisciplinary, Overall Identification, Heterogeneous Data, Non-Independently Identical Distribution

Key issues solved: We solved the problem that the relationship between data can not be effectively used by traditional
pattern recognition, and developed a new frame of pattern classification that is able to recognize using overall information of the
data.

Research achievements:

1) Copyrights

No. Category | Title Author(s)

(1) Book Deep Learning: Fundamentals, Theory, and Kaizhu Huang; Amir Hussain; Qiufeng Wang; Rui
Applications Zhang
(2) Book Semi-Supervised Learning: Background, Guogiang Zhong; Kaizhu Huang

Applications and Future Directions

2) Publications (SCI, SCIE, SSCI, A&HCI, El only)

Author(s) Journal Title Publication Date
(1) SCIE, El Learning imbalanced classifiers Kaizhu Huang; Rui  |Neural Processing 2015

locally and globally with one-side Zhang ; Xu-Cheng |Letters
probability machine Yin

No. |Category |Title

(2) SCIE, El Introduction to cognitively-inspired  |Kaizhu Huang; Rui  [Cognitive Computation |2018.6.20
knowledge discovery Zhang; Xiaobo Jin;
Amir Hussain
(3) El Field Support Vector Machines Kaizhu Huang; IEEE Transactions 2017
Haochuan Jiang; Xu-|on Emerging Topics
Yao Zhang in Computational
Intelligenc
(4) SCIE, El Maximum margin semi-supervised |Yang, Haigin; Huang,[Neural Networks 2015.10
learning with irrelevant data Kaizhu; King, Irwin;
Lyu, Michael R.
(5) SCIE, El Joint learning of unsupervised XiYang; Kaizhu Neural Processing 2016
dimensionality reduction and Huang; Y. J. Yannis; |Letters
Gaussian mixture model Rui Zhang
(6) SCIE, El Learning from few samples with Shufei Zhang; Cognitive Computation (2018.12.1
memory networks Kaizhu Huang;
Rui Zhang; Amir
Hussain
(7) SCIE DE2: Dynamic ensemble Yin, Xu-Cheng; Neurocomputing 2015.10.1
of ensembles for learning Huang, Kaizhu; Hao,
nonstationary data Hong-Wei
(8) El Learning Latent Features with Xi Yang; Kaizhu IEEE Transactions 2018.12.1
Infinite Non-negative Huang; Rui Zhang; |on Emerging Topics
Binary Matrix Tri-factorization Amir Hussain in Computational
Intelligence
(9) SCIE, El A New Two-layer Mixture of Factor  [Xi Yang; Kaizhu Neurocomputing 2018.1.1
Analyzers with Joint Factor Loading [Huang; Rui Zhang;
Model for the Classification of Small |Amir Hussain;
Dataset Problems Yannis Goulermas
(10) SCIE, El Three-Dimensional Local Energy-  |Summrina Kanwal |Expert Systems with 2018.1.1
Based Shape Histogram (3D-LESH)- |Wajid; Amir Hussain;|Applications
Based Feature Extraction— A Novel |Kaizhu Huang
Technique
(11) SCIE, El Pair-wise Loss for Optimizing NDCG (Xiao-Bo Jin; Guang- |Information Sciences {2018
Approximately Gang Geng; Guo-
Sen Xie; Kaizhu
Huang
(12) SCIE, El MTC: A Fast and Robust Graph- Zhang, Yan-Ming; |IEEE Transactionson  (2015.9
Based Transductive Learning Method|Huang, Kaizhu; Neural Networks and
Geng, Guang-Gang; [Learning Systems
Liu, Cheng-Lin
(13) SCIE, El A fast projected fixed-point algorithm|Lu, Yao; Huang, Pattern Recognition 2016.12
for large graph matching Kaizhu; Liu, Cheng-
Lin
(14) SCIE, El Cross-Modality Interactive Attention |Xu Yang; Lu Zhang; |Information Fusion 2019.1.1

Network for Multispectral Pedestrian
Detection

Zhiyong Liu; Shifeng
Zhang; Kaizhu
Huang; Amir
Hussain; Hong Qiao




(15) SCIE, El IAN: The Individual Aggregation Jimin Xiao; Yanchun |Pattern Recognition 2019.1.1
Network for Person Search Xie; Tammam Tillo;
Kaizhu Huang;
Yunchao Wei; Jiashi
Feng
(16) SCIE, El Stochastic Conjugate Gradient Xiao-Bo Jin; Xu- |EEE Transactionson |2019.1.1
Algorithm with Variance Reduction [Yao Zhang; Kaizhu |Neural Networks and
Huang; Guang-Gang|Learning Systems
Geng
(17) SCIE, El Banzhaf Random Forests: Jianyu Sun; Neural Networks 2018.1.1
Cooperative Game Theory Based Guogiang Zhong;
Random Forests with Consistency Kaizhu Huang;
Junyu Dong
(18) SCIE, El Guided Policy Search for Sequential [Fanzhou Xiong; IEEE Transactions 2018.1.1
Multi-Task Learning Biao Sun; Xu Yang; |on Systems Man and
Kaizhu Huang; Hong|Cybernetics-Systems
Qiao; Amir Hussain;
Zhi-Yong Liu
3) Others
Awards:

Hith , Hfth, 2015.9.28

Society, SxfEEIFEIOK , Hfth, 2017.11.15

Conference on Bio-inspired Cogntive Systems 2018, Efth , Efth , 2018.7.8

(1) X. C.Yin; C. Yang; J. B. Hou; W.Y. Pei; X. Yin; K. Huang, ICDAR Robust Reading Competition Championship, ICDAR,

(2) Haochan Jiang; Kaizhu Huang; Rui Zhang, ICONIP 2017 Best Paper Finalist Award, Asian Pacific Neural Network

(3) Haochuan Jiang; Kaizhu Huang; Rui Zhang; Amir Hussain, BICS 2018 Best Student Paper Award, International

Project 3: Research on Incremental Attribute Learning - Theory,
Algorithms and Applications

| Sheng-Uei Guan

Application code: F020508 (Department of Information Sciences)

Programme category: National Natural Science Foundation of China [NSFC) - General Programme
Technical fields: Data Analysis, Machine Learning

Introduction: Incremental learning is a kind of machine learning training method that gradually imports feature attributes
into prediction models. This is a "Divide and Conquer™” machine learning strategy, which is different from the conventional
learning method of importing all feature attributes at one time. During incremental learning, the prediction model will
import one or more feature attributes each time to train the training set. The latter training will be based on the results of the
previous training so as to keep improving the results. Upon the three years of scientific research, the theoretical framework
related to incremental learning has been established, the correlation measure of feature attributes has been deduced, and
the preprocessing, sorting and grouping of feature attributes has been developed, ant it is proved that the learning strategy of
incremental learning can be successfully applied to Pattern Classification, Regression and timing problems through Neural
Networks (NNs), Genetic Algorithms (GAs) and Particle Swarm Optimization (PSO) and other intelligent computing methods, and
the satisfying results have been achieved.

Similar to the traditional machine learning, incremental learning can improve its accuracy through proper Data
Preprocessing. Through the research, we found that proper preprocessing can effectively improve the effect of incremental
learning. For example, Feature Selection can not only improve the accuracy of pattern classification, but also effectively
reduce the calculation scale and shorten the training time. However, because incremental learning gradually introduces the
input feature attributes into the predictor, so it also has its own unique preprocessing methods besides the traditional data
preprocessing process. For example, to decide which feature attributes should be imported first and which should be imported
later, incremental learning requires Feature Ordering preprocessing. Incremental learning can import one or more feature
attributes at a time. Thus, which feature attributes are put together without interfering with each other needs to be handled by
Feature Grouping. Feature sorting and feature grouping are different from traditional data preprocessing methods, which are
unique to incremental learning.

First, in this project, the incremental learning and the existing preprocessing process of incremental learning were reviewed,
the preprocessing method and process of Feature Ordering were developed, several different methods of Feature Ordering and
Grouping of classification problems were discussed and the different Feature Ordering and Grouping methods were compared.
The Feature Ordering method of incremental learning for classification and regression problems were discussed, the method
of using Feature Ordering and Feature Selection at the same time were discussed and the Feature Ordering of timing problems

were also discussed.
Keywords: Feature Attribute, Incremental Learning, Neural Network, Genetic Algorithm, Swarm Intelligence

Key issues solved: Classification, regression, feature ordering method of incremental learning based on timing issues.

Research achievements:

1) Publications (SCI, SCIE, SSCI. A&HCI, El only)

No. Category |Title Author(s) Journal Title Publication Date
(1 El, SCI, ISTP|Investigation of Neural Networks [Sibo Yang. T.0.Ting. K.L. |Procedia Computer |2013
for Function Approximation Man. Sheng-Uei Guan Science
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(2) El, SCI, ISTP|DEM: Direct Estimation Method |Jieming Ma, K.L. Man, T.0.|Procedia Computer [2013
for Photovoltaic Maximum Power |Ting, N.Zhang. Sheng- [Science
Point Tracking Uei Guan. Prudence W.H.
Wong
(3) El, SCI, ISTP|Input Space Partitioning for Sheng-Uei Guan International 2013
Neural Network Learning Journal of Applied
Evolutionary
Computation
(4) El, SCI, ISTP|Incremental Hyperplane Sheng-Uei Guan International 2013
Partitioning for Classification Journal of Applied
Evolutionary
Computation
(5) SCI EEG Eye State Identification Using|Ting Wang, Sheng-Uei Mathematical 2014
Incremental Attribute Learning  |Guan, Ka Lok Man, T.O. Problems in
with Time Series Classification  [Ting Engineering
(6) El, SCI, ISTP| “Statistical Discriminability Ting Wang, Sheng- International 2014
Estimation for Pattern Uei Guan, Sadasivan Journal of Applied
Classification based on Neural  |Puthusserypady®, Prudence|Evolutionary
Incremental Attribute Learning” ,|W.H. Wong, DOI: 10.4018/ |Computation (IJAEC)
ijaec.2014040103, 37-57,
Vol. 5, Issue 2,
(7) El, SCI, ISTP| “A PSO Based Incremental Binge Zheng, Sheng-Uei International 2014
Hyper-sphere Partitioning Guan, Jinghao Song, Journal of Applied
Approach to Classification” , Evolutionary
Computation (IJAEC),
(8] El, SCI, ISTP| “Incremental Hyper-sphere Jinghao Song, Sheng-Uei |International 2014
Partitioning for Classification” , |Guan, Binge Zheng, Journal of Applied
Evolutionary
Computation (IJAEC),
(9) SCI “Optimized Neural Incremental [Ting Wang, Sheng-Uei International Journal {2014
Attribute Learning for Guan, of Computational
Classification based on Statistical Intelligence and
Discriminability” , Applications (SJR:
0.25] (IJCIA),
(10) SCI “Output Effect Evaluation Ting Wang, Sheng-Uei Symmetry Journal  |2015

Based on Input Features in
Neural Incremental Attribute
Learning for Better Classification
Performance”

Guan, Ka Lok Man, Jong
Hyuk Park, Hui-Huang
Hsu,

Project 4: Quantitative Analysis of Extreme Risk Aggregations with
Its Applications in Risk Management

| Chengxiu Ling

Application code: A011004 (Department of Mathematical and Physical Sciences)

Programme category: National Natural Science Foundation of China (NSFC) - Young Scientists Fund

Introduction: Focusing on the fund project of Quantitative Analysis of Extreme Risk Aggregations with Its Applications in

Risk Management, | conducted in-depth research, with the main research results lying in the following three aspects:

1.

Proposed the Weibull index of tail extremum analysis, the robust estimators of risk measure and researched their
asymptotic properties, and applied them to virtual currency, weather extremum and other data for empirical analysis;
and investigated the second-order asymptotic effect of stochastic contraction risk, and numerical analysis further
illustrated its accuracy. Finally, the Haezendonck-Goovaerts risk, the expectile analysis and the asymptotic analysis of
stochastic contraction scale risk were analyzed by using our results.

The tail asymptotic behavior of Gaussian array sequence statistical vector and the risk measure of multi-dimensional
Gaussian risk contagion were investigated, the traditional risk contagion risk measure in the Gaussian risk situation
was expanded, the heavy-tailed multidimensional spillover risk tail under the classical multidimensional normal
transformation was developed, and they were applied to matching of medical multiple detection and other image
processing fields.

The stationary process, the asymptotic distribution of extremum of self-similar process and other processes and
the joint asymptotic distribution of extremum of stationary random field on discrete lattice points and extremum on
continuous interval were researched. Its asymptotic dependencies included asymptotic independence, complete
dependencies and certain dependencies, depending on the fineness of the discretization lattice points being sparse,
dense and Pickands type. Our results extended the related results of Gaussian stationary processes and laid a
theoretical foundation for the discrete-continuous analysis of more extensive stationary processes such as Chi-square

processes.

The main scientific discoveries and innovations are briefly described as follows:

1.

Compared with many classical estimators, the established position invariant estimator of non-negative extremum index
with adjustment parameters had considerable flexibility, and the data-driven optimization of adjustment parameters
avoided the difficulty of selecting upper order statistics.

For the Drees’ inequality, one of the tools for higher-order asymptotic analysis based on generalized stochastic
contraction risk model, the original second-order correlation results were developed, and it can be applied to many
fields of extremum analysis.

Stability analysis in correlation analysis of discrete-continuous extremum of stationary process accurately depicted

various asymptotic dependencies and pointed out the omission of lattice point setting in discrete analysis in literature.

The obtained research results further enriched and developed the existing research issues, developing and forming new

related research methods in extremum theory. The research results have been recognized by the Academic Circles, and six

academic papers have been published in internationally renowned extreme value, probability theory, top actuarial journals as

Extremes, Insurance: Mathematics and Economics.

Keywords: Extremum Theory, Extremum Index, Asymptotic Analysis, Stationary Process, Risk Contagion

M
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Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI. EI only)

No. Category |Title Author(s) Journal Title Publication Date
(1) SCIE, SSCl|Comparison Inequalities for Order  |Kryszytof Debicki#; Alea (Rio de Janei- |2017
Statistics of Gaussian Arrays Enkelejd Hashorva#; ro): Latin American
Lanpeng J|#‘ Chengxiu Journal of Probabi“'
Ling#* ty ar_1d 'Mathematlcal
Statistics
(2) SCIE Extremes on different grids and Chengxiu Ling; Zuoxiang  |Journal of Mathe- (2018
continuous time of stationary Peng; Zhongquan Tan* matical Analysis and
processes Applications
(3) SCIE, Tail asymptotics of generalized Chengxiu Ling*; Zuoxiang |Insurance: Mathe- |2016
SSCI deflated risks with insurance ap- |Peng matics and Econom-

plications

ics

Project 5: High Performance Preconditioning for Multigroup
Radiation Diffusion Equations

| Shengxin Zhu

Application code: A011705 (Department of Mathematical and Physical Sciences)

Programme category: National Natural Science Foundation of China [NSFC) - Young Scientists Fund

Introduction: Multi-group Radiation Diffusion Equations (MGRDES] is a kind of strongly nonlinear coupled partial differential
equations in non-equilibrium state. MGDREs is one of the important links in simulating multi-media radiation hydrodynamics
under extreme conditions. Usually, the fully implicit scheme is used, and the corresponding algebraic equations are large
in scale and often ill-conditioned. Currently, solving such algebraic equations often takes more than 80% of the total time of
numerical simulation of radiation hydrodynamics. Because the solution of fluid dynamics equations is also required as the
solution of MRGDs, for this kind of radiation fluid dynamics issues, the grid size that a single CPU can handle is small, so that
it is not suitable for coarse-grained parallel. It is very challenging to design efficient parallel preprocessing algorithms for
this kind of issue. To give full play to the efficiency of supercomputers, it is necessary to design parallel methods according
to the characteristics of issues and parallel computers. This project aims at the physical characteristics of MGRDs and the
heterogeneous multi-core architecture of supercomputers. It studies the preprocessing technology, which can keep the local
characteristics of the issue to accelerate the convergence of iterative method, and designs a high-performance preprocessing
algorithm, which has satisfying adaptability, fast convergence speed, high parallel efficiency and satisfying scalability to MGRDs,
and tests, optimizes and evaluates the new algorithm on heterogeneous multi-core parallel computers.

With the support of this project, we carried out in-depth research:

1. The design achieved the presorting multi-wavefront sparse direct method that is suitable for multi-group equations.

The method is robust and can be applied to equations with large difference in condition numbers among groups.

2. The approximation method of Jacobi matrix for a class of nonlinear iterative issue was constructed so that while the
approximate Jacobi matrix keeping the main information of Jacobi matrix, it can discard the complicated calculation
which is huge in computation but can be ignored in theory.

3. A numerical homogenization method based on generalized oscillatory spline function was constructed, the
approximation properties of rough space of generalized oscillatory spline function and the attenuation properties
and preprocessing estimation of localized generalized oscillatory spline function were given. This method provided a
solution for solving many difficult diffusion problems, such as the classical SPE10 question.

4. A remapping algorithm of radiation hydrodynamics was improved, and the original 289 types of the algorithm were
reduced to 34 types.

During the implementation of this project, three articles were officially published in the journal, three articles were
accepted, three reports on national defense science and technology industry were written and two manuscripts were completed.
These research results deepened our understanding of Multi-group Radiation Diffusion Equations, and some of the results can
be directly applied to this topic and other frontier topics. Some results cannot directly serve the Multi-group Radiation Diffusion
Equations, but they lay a foundation for our continuous research in this direction. During the research, two doctoral students (in

studying) were jointly enrolled and trained around this topic to cultivate reserve research strength for this direction.

Keywords: Multi-Wavefront Parallel Sparse Direct Method, Large-Scale Sparse Algebraic Equations, Preprocessing, Local
Property Preserves Basis Function

Key issues solved:
A. Explored the approximation method of rough space with better approximation of local microstructure of the issue and the
design of coarse space in related multi-level preprocessing algorithm and the issue of selecting the core mathematics.

B. Applied the rough space approximation theory preserving the local microstructure of the issue and designed the parallel
preprocessor with satisfying parallel scalability, fast convergence speed and being suitable for solving Multi-group Radiation
Diffusion Equations.

13
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Research achievements:

1) Publications (SCI. SCIE. SSCI. A&HCI, El only)

No. Category|Title Author(s) Journal Title Publication Date
(1) El,ISTP |Symmetric Sweeping Algoithms for |Xihua XU; Shengxin |Lecture Notes in Computer [2018.06.30
Overlaps of Quadrilateral Meshes of |Zhu Scinece
the Same Connectivity
(2) El Fast calculation of restricted Shengxin Zhu 2017 IEEE 2nd International|2017.03.10-

maximum likelihood methods for
unstructured high-throughput data

Conference on Big Data 2017.03.12
Analysis (ICBDA)

(3) El Information splitting for big data Shengxin Zhu; International conference on{2016.10.13-
analytics Tongxiang Gu; cyber enabled distributed |2016.10.15
Xiaowen Xu; Zeyao  |computing and knowledge
Mo discorvery
(4) El Learning with Linear Mixed Baode Gao: 2019 11th International 2018.02.22-
Model for Group Recommendation  |GuangPeng Zhan; Conference on 2018.02.24
Systems Hanzhang Wang; Machine Learning and
YIming Wang; Computing(accepted)

Shengxin Zhu

(5) El Censorious young: knowledge Zhiyi Chen; Shengxin {2019 IEEE International 2018.03.20-
discovery from high-throughput Zhu; Qiang Niu; Xin  [Conference on Big Data 2018.03.25
movie rating data with Ime4 Lu Analysis

2) Others

() BEEEAEERNSGEMRERRBEN, BERREIRE ; 28 1, XHS: 020104.1-2015Z2J-J-03 {E&, HKZEFH,

MER, aEE, PEIRVEHRRRIEIERSE (AF)

(2) BEREFTERTE, BRI IUAERS, BRI IREMRELSHSHNFTEEFRE, REXKITR,

REE, AE%, BBHRIE
(3) JPSOL HAFH , EMRHR TWRIEIRS , BEK, R, KZFE, BHRIRE

Project 6: Identification of Location Spoofing to Wireless Localization
in Non-Line-of-Sight Conditions

| Dawei Liu

Application code: FO105 (Department of Information Sciences)

Programme category: National Natural Science Foundation of China (NSFC) - Young Scientists Fund

Introduction: With the wide application of Wireless Positioning technology in smart phones and Internet of Things, the
security and reliability of Wireless Positioning system has been paid more and more attention. Of which, position spoofing is the
most serious security threat. As early as 2003, the report of the U.S. Department of Transportation pointed out that malicious
attackers can spoof GPS positioning users by forging signals, resulting in abnormal positioning results, and even completely
paralyzing GPS functions in a certain area. In recent years, more and more researches have begun to focus on this issue, and the
main research directions include the ways to find abnormal positioning results caused by malicious users and to eliminate such
anomalies. Another reason for abnormal positioning results is the NLOS propagation of wireless signals. The positioning error
of existing Wireless Positioning System can reach 589m in NLOS environment, while the general error is only tens of meters.
The way to detect NLOS propagation and to eliminate its influence has always been one of the hot spots in research of Wireless
Positioning System. In this project, a set of abnormal error detection mechanism was designed through the research of position
spoofing signal and NLOS signal, which solved the issue of positioning spoofing identification in NLOS environment. The research
results provided theoretical basis and technical support for abnormal error detection and identification of wireless positioning,

and provided a basis for relevant Departments to develop the industry standards, regulations and policies.

Keywords: Wireless Network, Location Spoofing, GPS/Beidou, Radio Signal, NLOS Propagation

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI. El only)

No. Category|Title Author(s) Journal Title Publication Date
(1) SCIE Identification of Location Spoofing |Liu Dawei*; Xu Yuedong; |IEEE Transactions on 2018
in Wireless Sensor Networks in ~ |Huang Xin Industrial Informatics
Non-Line-of-Sight Conditions
(2) SCIE Experimental Analysis on Weight |Hu, Jiusong#; Liu, IEEE Internet of Things {2019
K-Nearest Neighbor Indoor Dawei#*; Yan, Zhi; Liu, Journal
Fingerprint Positioning Hongli*
(3) SCIE Context-Aware Human Activity Zhigiang Gao; Dawei Liu*;|Remote Sensing 2019
and Smartphone Position-Mining |Kaizhu Huang; Yi Huang
with Motion Sensors
(4) SCIE A Handshake Protocol With Cai Jiaren; Huang Xin*;  [IEEE Access 2018
Unbalanced Cost for Wireless Zhang Jie; Zhao Jiawei;
Updating Lei Yaxi; Liu Dawei; Ma
Xiaofeng
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Project 7: Study on Integrated Energy-Efficiency Optimization Model
for Trains with On-board Energy Storage Devices

| Shaofeng Lu

Application code: F0302 (Department of Information Sciences)

Programme category: National Natural Science Foundation of China (NSFC) - Young Scientists Fund

Introduction: The current urban rail transit system is facing great pressure to improve energy efficiency. However, using
the energy storage equipment to recover regenerative braking energy is one of the effective ways to save energy in urban
transit train. For the small capacity of onboard energy storage device, the quality of energy storage device can directly affect
train operation and other issues, the project proposed to build an overall optimization model of train energy efficiency based
on onboard energy storage device, applied mixed integer programming algorithm to find the optimization, revealed the energy-
saving mechanism of train operation with onboard energy storage device and promoted the expansion of energy-saving
technology theory in urban rail transit industry.

The overall optimization model considered the following two issues: 1. Optimization of charging and discharging strategy of
onboard energy storage device under the constraint of train operation. 2. Optimization of energy-saving operation of trains under
the constraint of charging and discharging of on-board energy storage devices. The optimization model unified the charging
and discharging strategies of train operation and onboard energy storage device in one model for solution, which is beneficial to
fully understand the dynamic relationship between them and provided a theoretical basis for developing a set of train operation
strategies with overall optimization characteristics.

According to our experimental research on the train operation with onboard energy storage device between the two
platforms, the energy consumption of train operation with onboard energy storage device can be reduced by nearly 11.6%. Our
research revealed the related characteristics of trains loaded with onboard energy storage devices. Specifically, it includes:
When the capacity of the onboard energy storage device increases, the train will perform more regenerative braking operations
and higher initial State of Energy of the energy storage device, that is, the energy storage device contains more available energy
at the beginning of train operation, which brings more traction operations, but it will affect the recovery of regenerative braking
energy of the train, and the loss caused by charging and discharging of energy storage devices can affect the charging frequency
of energy storage devices.

On the basis of train operation on the two platforms, specially, this project team also expanded the research on the
operation characteristics of trains loaded with onboard energy storage devices between the multiple platforms. Through the
proposed Bi-level optimization model, we have successfully achieved the overall optimization of train operation time, charging
and discharging management of onboard energy storage devices and energy-saving operation of trains. In a real case, the
overall optimization results proposed by us can achieve different energy saving effects compared with different examples. Of
which, compared with the example without energy storage device, the optimization results of multi-platform loaded with onboard
energy storage device can achieve an energy-saving rate of nearly 23.77%.

In addition, a lot of meaningful explorations were made on different application objects in this project. The optimization
model proposed in this project will make an active exploration in the application of the fast-developing energy storage devices in

the urban rail transit system and the energy-saving strategy field of electrified rail transit.

Keywords: Urban Rail Transit, Onboard Energy Storage Device, Overall Optimization Model, Mixed Integer Programming,
Train Energy-Saving Operation Control

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. Category [Title Author(s) Journal Title Publication Date

(1 SCIE Train Speed Trajectory Wu, Chaoxian; Zhang, IEEE Transactions on 2019
Optimization With On-Board |Wenrui; Lu, Shaofeng*; Intelligent Transportation
Energy Storage Device Tan, Zhaoxiang; Xue, Fei;  |Systems

Yang, Jie

(2) SCIE Adaptive Partial Train Speed [Tan, Zhaoxiang; Lu, Energies 2018

Trajectory Optimization Shaofeng*; Bao, Kai;
Zhang, Shaoning; Wu,
Chaoxian; Yang, Jie; Xue,
Fei

(3) SCIE Day-ahead electric vehicle Han, Bing; Lu, Shaofeng®; |IET Generation Transmission{2019
aggregator bidding Xue, Fei; Jiang, Lin & Distribution
strategy using stochastic
programming in an uncertain
reserve market

(4) SCIE Structural and Hierarchical  [Xu, Xiaotong*; Xue, Fei; Lu, |IEEE Systems Journal 2019
Partitioning of Virtual Shaofeng; Zhu, Huaiying;

Microgrids in Power Jiang, Lin; Han, Bing
Distribution Network

(5) El Partial speed trajectory Lu, Shaofeng; Yang, Jie; 2017 IEEE 20th International |2017.10.10-
optimization for urban rail Xue, Fei; Ting, Tiew On; Conference on Intelligent 2017.10.12
vehicles with considerations  [Zhu, Huaiying Transportation Systems
on motor efficiency (ITSC)

(6) El Hydrogen Consumption Zheng Huang; Chaoxian Proceedings of the 4th 2019.10.25-
Minimization for Fuel Cell Wu; Shaofeng Lu; Fei Xue |International Conference on {2019.10.27
Trains Based on Speed Electrical and Information
Trajectory Optimization Technologies for Rail

Transportation (EITRT)
2019: Novel Traction
Drive Technologies of Rail
Transportation

(7) El Optimization of Speed Profile |Wu, Chaoxian; Lu, 2018 IEEE Intelligent 2018.6.10-
and Energy Interaction at Shaofeng*; Xue, Fei; Jiang, [Vehicles Symposium (IV) 2018.6.12
Stations for a Train Vehicle Lin; Yang, Jie
with On-board Energy Storage
Device

(8) El A speed trajectory Tan, Zhaoxiang; Lu, 2017 IEEE 20th International |2017.10.8-
optimization model for rail Shaofeng*; Xue, Fei; Bao, |Conference on Intelligent 2017.10.12
vehicles using mixed integer [Kai Transportation Systems
linear programming (ITSC)

(9) El Optimization for train Bao, Kai; Lu, Shaofeng*; {2017 IEEE 20th International {2017.10.10-
speed trajectory based on Xue, Fei; Tan, Zhaoxiang Conference on Intelligent  {2017.10.12
pontryagin’ s maximum Transportation Systems
principle (ITSC)

(10) El Optimization of neutral Miao, Rui; Wu, Chaoxian;  |Sustainable Buildings 2019.10.10-
section location on high-speed|Lu, Shaofeng*; Xue, and Structures: Building 2019.10.12
railways with consideration of |Fei; Tian, Zhongbei; a Sustainable Tomorrow:
train operations Hillmansen, Stuart; Proceedings of the 2nd

International Conference in
Sutainable Buildings and
Structures (ICSBS 2019)

(11) El Smart Construction for Urban |Wu, Chaoxian; Lu, sustainable Buildings 2019.10.10-
Rail Transit based on Energy- |Shaofeng*; Xue, Fei; Jiang, |and Structures: Building 2019.10.12
efficient Bi-directional Vertical|Lin; Gong, Guobin a Sustainable Tomorrow:

Alignment Optimisation Proceedings of the 2nd
International Conference in
Sutainable Buildings and
Structures (ICSBS 2019)
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(12) El Electric vehicle charging Han, Bing; Lu, Shaofeng*; |2017 International Smart 2017.9.10-
and discharging scheduling  [Xue, Fei; Jiang, Lin Cities Conference (ISC2), 2017.9.12
considering reserve call-up
service

(13) El A two-stage electric Han, Bing; Lu, Shaofeng*; |2017 IEEE Intelligent 2017.10.10-
vehicles scheduling strategy |Xue, Fei; Jiang, Lin; Zhu,  [Vehicles Symposium (V) 2017.10.12
to address economic Huaiying
inconsistency issues of
stakeholders

(14) El Integrated Train Speed Wu, Chaoxian; Lu, 2018 International 2018.12.20-
Profiles optimization Shaofeng; Xue,Fei; Jiang, |Conference on Intelligent 2018.12.22
Considering Signaling System|Lin Rail Transportation (ICIRT)
and Delay

(15) El Earth Potential as the Wu, Chaoxian; Lu, 018 21st International 2018.10.10-
Energy Storage in Rail Shaofeng; Xue, Fei; Jiang, |Conference on Intelligent  (2018.10.12
Transit System-on a Vertical |[Lin Transportation Systems
Alignment Optimization (ITSC)

Problem
2) Others
Awards:

(1) “RERRBRESG" BRFEEXAR—FL, [EEE BREREBERAFR,
(2) BN I ERERAA IR, TN ITIWEX, RFATHEIRE, Hft, 2017 (FD#)

BARE , ERFEAE, 2018 (@)

Project 8: DASH-Based Interactive 3-D Video System Modeling
| Jimin Xiao

Application code: F010803 (Department of Information Sciences)

Programme category: National Natural Science Foundation of China [NSFC) - Young Scientists Fund
Technical fields: Virtual Reality

Introduction: Multi-view video is popular with users because of its excellent viewing experience. According to the request
of users, the demand of interactive multi-view video stream providing seamless view switching is also increasing. However,
it is a challenging task to provide stable and high-quality multi-view video through streaming, which must allow real-time
scene switching under the limited bandwidth. In this project, the research group proposed a seamless multi-view video system
assisted by Convolutional Neural Networks (ConvNet) to meet the challenge. The proposed method solves this problem from
the two perspectives. First, an onvNet-assisted multi-view video representation method was proposed, which provided flexible
interactivity without affecting the compression efficiency of multi-view video. Second, the research group developed a network
bandwidth allocation mechanism guided by viewpoint switching model to provide seamless view switching and adapt to network
bandwidth fluctuations. These two modules worked closely together to provide users with an optimized viewing experience. They
can be integrated into any existing multi-view video streaming framework to improve the overall performance.

Considering the user’s behavior of viewpoint switching in streaming transmission, the research group designed a new
streaming cache framework to improve the user's experience of multi-view video streaming on DASH. The research group
introduced multi-view switching rules to prefetch the possible switching viewpoints in order to eliminate the delay of viewpoint
switching. Aiming at the introduced rules, an optimal bit rate allocation scheme was proposed to allow clients to maximize
the video quality. In addition, we found that video quality and playback jamming probability were conflict factors under this
framework, and both of them were essential for user’s Quality of Experience (QoE). This project has solved the contradiction
between them properly. The experimental results proved the effectiveness of the method in seamless multi-view flow.

The project solved the contradictions between the flexibility of video view transmission and redundancy mining in multi-view
video transmission. The flexibility of view transmission and high multi-view compression ratio distortion performance were also
realized. The optimal cache issue of multi-view video in DASH transmission was also solved. According to the network situation
and user’s view switching habits, the calculation method of the optimal cache size was proposed to obtain the optimal user’s
user’s Quality of Experience (QoE).

Keywords: Multi-View Video, Deep Convolutional Neural Networks, Interactive Transmission, Depth Image

Research achievements:

1) Patent
No. Category [Status Patents Title Application no. Authorisation no. |Inventor(s)
(1) KBBER |1 —FMETEZAIERZIN  |CN2015106867645 Z1.2015106867645 ZKHE ;=
BEfSRER LA TE mF; 2K
2) Publications (SCI, SCIE, SSCI, A&HCI, El only)
No. Category |Title Author(s) Journal Title Publication Date

(1) SCIE |AN: The Individual Jimin Xiao; Yanchun Xie; Pattern Recognition 2019.01.01
Aggregation Network for Tammam Tillo; Kaizhu
Person Search Huang; Yunchao Wei; Jiashi
Feng
(2) SCIE Correlation Filter Selection Yanchun Xie; Jimin Xiao; |EEE Transactions on 2018

for Visual Tracking Using Kaizhu Huang; Jeyarajan  [Circuits and Systems for

Reinforcement Learning Thiyagalingam; Yao Zhao |Video Technology
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(3] SCIE Convolutional Neural Network |Li Yu; Tammam Tillo; Jimin |IEEE TRANSACTIONS 2018.01.01
for Intermediate View Xiao; Marco Grangetto ON MULTIMEDIA
Enhancement in Multiview
Streaming

(4) SCIE QoE-Driven Dynamic Adaptive |Li Yu; Tammam Tillo; Jimin |IEEE TRANSACTIONS 2017.09.01
Video Streaming Strategy With |Xiao ON BROADCASTING
Future Information

(5) SCIE Siamese network ensemble  [Chenru Jiang; Jimin Xiao; |Neurocomputing 2018.1.1
for visual tracking Yanchun Xie; Tammam

Tillo; Kaizhu Huang

(6) SCIE Video Streaming Adaptation  |Chao Yao; Jimin Xiao; Yao [IEEE TRANSACTIONS  (2018.12.1
Strategy for Multiview Zhao; Anlong Ming ON BROADCASTING
Navigation Over DASH

(7) SCIE Region-Based Multiple Chunyu Lin; Yao Zhao; IEEE TRANSACTIONS 2018.05.01
Description Coding for Jimin Xiao; Tammam Tillo |ON MULTIMEDIA
Multiview Video Plus Depth
Video

(8) SCIE Texture Plus Depth Video Fei Cheng; Tammam Tillo; [IEEE Transactions on 2017.11.1
Coding Using Camera Global |Jimin Xiao; Byeungwoo Multimedia
Motion Information Jeon

9] SCIE Depth Map Down-Sampling  |Chao Yao; Jimin Xiao; IEEE TRANSACTIONS  |2016.10.1
and Coding Based on Tammam Tillo; Yao Zhao; [ON MULTIMEDIA
Synthesized View Distortion  [Chunyu Lin; Huihui Bai

(10) SCIE Cooperative Bargaining Game-|Hui Yuan; Xuekai Wei; IEEE TRANSACTIONS 2018.12.1
Based Multiuser Bandwidth  |Fuzheng Yang; Jimin Xiao; |[ON MULTIMEDIA
Allocation for Dynamic Sam Kwong
Adaptive Streaming Over HTTP

(11) SCIE End-to-End Distortion- Hui Yuan; Huayong Fu; Ju |IEEE TRANSACTIONS 2017.06.01
Based Multiuser Bandwidth  |Liu; Jimin Xiao ON BROADCASTING
Allocation for Real-Time
Video Transmission Over LTE
Network

(12) SCIE Multiview video plus depth Zhi Jin; Tammam Tillo; EURASIP Journal 2016.04.29
transmission via virtual-view- [Jimin Xiao; Yao Zhao on Image and Video
assisted complementary Processing
down/upsampling

(13) SCIE An effective CU size decision |Xiaoni Li; Mianshu Chen;  |Multimed Tools and 2017.01.01
method for quality scalability |Zhaowei Qu; Jimin Xiao; Applications
in SHVC Moncef Gabbouj

(14) El Packetization Strategies Xue ZHANG; Yao ZHAO; VCIP 2016 : Visual 2016.11.27-
for MVD-based 3D Video Tammam TILLO; Chunyu  |Communications and 2016.11.30
Transmission Lin; Jimin Xiao ; Anhong Image Processing

Wang

(15) El 3D VIDEO SUPER- Yanchun Xie; Jimin Xiao; (2016 IEEE International |2016.7.11-2016.7.15
RESOLUTION USING FULLY |Tammam Tillo; Yunchao Conference on
CONVOLUTIONAL NEURAL  [Wei; Yao Zhao Multimedia and Expo
NETWORKS

Project 9: Brain Storm Optimization Algorithm and Its Applications to
Wireless Sensor Networks

| Yuhui Shi

Application code: F030707 (Department of Information Sciences)

Programme category: National Natural Science Foundation of China [NSFC) - General Programme

Introduction: The current urban rail transit system is facing great pressure to improve energy efficiency. However, using
the energy storage equipment to recover regenerative braking energy is one of the effective ways to save energy in urban
transit train. For the small capacity of onboard energy storage device, the quality of energy storage device can directly affect
train operation and other issues, the project proposed to build an overall optimization model of train energy efficiency based
on onboard energy storage device, applied mixed integer programming algorithm to find the optimization, revealed the energy-
saving mechanism of train operation with onboard energy storage device and promoted the expansion of energy-saving
technology theory in urban rail transit industry.

The overall optimization model considered the following two issues: 1. Optimization of charging and discharging strategy of
onboard energy storage device under the constraint of train operation. 2. Optimization of energy-saving operation of trains under
the constraint of charging and discharging of on-board energy storage devices. The optimization model unified the charging
and discharging strategies of train operation and onboard energy storage device in one model for solution, which is beneficial to
fully understand the dynamic relationship between them and provided a theoretical basis for developing a set of train operation
strategies with overall optimization characteristics.

According to our experimental research on the train operation with onboard energy storage device between the two
platforms, the energy consumption of train operation with onboard energy storage device can be reduced by nearly 11.6%. Our
research revealed the related characteristics of trains loaded with onboard energy storage devices. Specifically, it includes:
When the capacity of the onboard energy storage device increases, the train will perform more regenerative braking operations
and higher initial State of Energy of the energy storage device, that is, the energy storage device contains more available energy
at the beginning of train operation, which brings more traction operations, but it will affect the recovery of regenerative braking
energy of the train, and the loss caused by charging and discharging of energy storage devices can affect the charging frequency
of energy storage devices.

On the basis of train operation on the two platforms, specially, this project team also expanded the research on the
operation characteristics of trains loaded with onboard energy storage devices between the multiple platforms. Through the
proposed Bi-level optimization model, we have successfully achieved the overall optimization of train operation time, charging
and discharging management of onboard energy storage devices and energy-saving operation of trains. In a real case, the
overall optimization results proposed by us can achieve different energy saving effects compared with different examples. Of
which, compared with the example without energy storage device, the optimization results of multi-platform loaded with onboard
energy storage device can achieve an energy-saving rate of nearly 23.77%.

In addition, a lot of meaningful explorations were made on different application objects in this project. The optimization
model proposed in this project will make an active exploration in the application of the fast-developing energy storage devices in

the urban rail transit system and the energy-saving strategy field of electrified rail transit.

Keywords: Urban Rail Transit, Onboard Energy Storage Device, Overall Optimization Model, Mixed Integer Programming,
Train Energy-Saving Operation Control
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Research achievements:

1) Copyrights

No. Category | Title Author(s)

(1) Book Emerging Research on Swarm Intelligence and Yuhui Shi
Algorithm Optimization

(2) Book Experimental Study on Boundary Constraints Shi Cheng, Yuhui Shi, Quande Qin
Handling in Particle Swarm Optimization: From
Population Diversity Perspective

(3) Book Large-Scale Global Optimization via Swarm Shi Cheng, Tiew On Ting, Xin-She Yang
Intelligence

(4) Book Population Diversity of Particle Swarm Optimizer  [Shi Cheng, Yuhui Shi, Quande Qin
Solving Single and Multi-Objective Problems

(5) Book Hybrid Metaheuristic Algorithms: Past, Present, and|Tiew On Ting, Xin-She Yang, Shi Cheng, Kaizhu
Future Huang

2) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. Category |Title Author(s) Journal Title Publication Date
(1) SCI Brain storm optimization Cheng, Shi, Qin, Quande, |Artificial Intelligence 2016.12.01
algorithm: a review Chen, Junfeng, Shi, Yuhui |Review
(2) SCI Particle Swarm Optimization With |Qin, Quande, Cheng, Shi, [IEEE Transactions on 2016.10.01
Interswarm Interactive Learning |Zhang, Qingyu, Li, Li, Shi, [Cybernetics
Strategy Yuhui
(3) SCI Hybrid brain storm optimisation  [Jia, Zhengxuan, Duan, International Journal 2016.01.01
and simulated annealing algorithm|Haibin, Shi, Yuhui of Bio-Inspired
for continuous optimisation Computation
problems
(4) SCI InteractiveLearning Environment [Haibin Duan, Pei Li, Yuhui|lEEE Transactions on 2015.11.01
for Bio-Inspired Optimization Shi, Xiangyin Zhang, Education
Algorithms for UAV PathPlanning |Changhao Sun
(5) SCI Advanced discussion mechanism- [Yang, Yuting, Shi, Yuhui, [Soft Computing 2015.10.01
based brain storm optimization Xia, Shunren
algorithm
(6] SCI Biomimicry of parasitic behavior |Qin, Quande, Cheng, Shi, [Applied Soft Computing [2018.12.1
in a coevolutionary particle swarm |Zhang, Qingyu, Li, Li, Shi,
optimization algorithm for global |Yuhui
optimization
(7) SCI An Improved Brain Storm Cao, Zijian , Hei, Xinhong, [Mathematical Problems [2015.01.01
Optimization with Differential Wang, Lei, Shi, Yuhui, in Engineering
Evolution Strategy for Applications |Rong, Xiaofeng
of ANNs
(8) SCI Artificial Bee Colony Algorithm Qin, Quande, Cheng, Shi, [Discrete Dynamics in 2015.01.01
with Time-Varying Strategy Zhang, Qingyu, Li, Li, Shi, [Nature and Society
Yuhui
(9] SCI A decoupling receding horizon Qiu, Huaxin, Duan, Haibin [Optik 2015.01.01
search approach to agent routing |, Shi, Yuhui
and optical sensor tasking based
on brain storm optimization
(10) SCI Multiple strategies based Qin, Quande, Cheng, Computers & Operations|2015.8.01
orthogonal design particle Shi, Zhang, Qingyu, Wei, |Research
swarm optimizer for numerical Yiming, Shi, Yuhui
optimization

(11) SCIE Multiview video plus depth Zhi Jin; Tammam Tillo; EURASIP Journal 2016.04.29
transmission via virtual-view- Jimin Xiao; Yao Zhao on Image and Video
assisted complementary down/ Processing
upsampling
(12) SCIE An effective CU size decision Xiaoni Li; Mianshu Chen;  |Multimed Tools and 2017.01.01
method for quality scalability in Zhaowei Qu; Jimin Xiao;  [Applications
SHVC Moncef Gabbouj
(13) El Packetization Strategies for MVD- |Xue ZHANG; Yao ZHAO;  [VCIP 2016 : Visual 2016.11.27-
based 3D Video Transmission Tammam TILLO; Chunyu |Communications and 2016.11.30
Lin; Jimin Xiao ; Anhong  |Image Processing
Wang
(14) El 3D VIDEO SUPER-RESOLUTION  [Yanchun Xie; Jimin Xiao;  |2016 IEEE International [2016.7.11-
USING FULLY CONVOLUTIONAL  |Tammam Tillo; Yunchao  [Conference on 2016.7.15
NEURAL NETWORKS Wei; Yao Zhao Multimedia and Expo
(15) El Enhanced brain storm Chen, Junfeng, Cheng, 6th International 2015.6.25-
optimization algorithm for wireless|Shi, Chen, Yang, Xie, Conference on Swarm  |2015.6.28
sensor networks deployment Yingjuan, Shi, Yuhui Intelligence
(16) El Random grouping brain storm Cao, Zijian , Shi, Yuhui, 6th International 2015.6.25-
optimization algorithm with a new |Rong, Xiaofeng, Liu, Conference on Swarm  |2015.6.28
dynamically changing step size Baolong, Du, Zhigiang, Intelligence
Yang, Bo
(17) El An effective cooperative Zijian Cao, Lei Wang, Yuhui[2015 IEEE Congress 2015.5.25-
coevolution framework integrating [Shi, Xinhong Hei, Xiaofeng |on Evolutionary 2015.5.28
global and local searchfor large  |Rong, Qiaoyong Jiang, Computation
scale optimization problems Hongye Li
(18] El Brain Storm Optimization Yuhui Shi 2015 IEEE Congress 2015.5.25-
Algorithm in Objective Space on Evolutionary 2015.5.28
Computation
(19) El An Improved Fireworks Algorithm [Junfeng Chen, Qiwen 2015 IEEE Congress 2015.5.25-
with Landscape Information Yang, Jianjun Ni, Yingjuan |on Evolutionary 2015.5.28
for Balancing Exploration and Xie, Shi Cheng Computation
Exploitation
(20) El Brain Storm Optimization with Zhensu Yang, Yuhui Shi 7th International 2015.3.27-
Chaotic Operation Conference on Advanced |2015.3.29
Computational
Intelligence
(21) El An Adaptive Brain Storm Xiaoping Guo, Yali Wu, 2015 International 2015.6.25-
Optimization Algorithm for Lixia Xie, Shi Cheng, Jing |Conference on Swarm  [2015.6.28
Multiobjective Optimization Xin Intelligence
Problems
(22) El Brain Storm Optimization Haoyu Zhu, Yuhui Shi 7th International 2015.3.27-
Algorithms with K-medians Conference on Advanced |2015.3.29
Clustering Algorithms Computational
Intelligence
(23) El Maintaining population diversity  |Cheng S., ShiY., Qin Q., 2014 IEEE Congress 2014.7.6-
in brain storm optimization Ting T.O., Bai R. on Evolutionary 2014.7.11
algorithm Computation
(24) El A Novel Hybrid Algorithm for Quande Qin, Li Li, Shi 2014 International 2014.10.17-
Mean-CVaR Portfolio Selection Cheng Conference on Swarm  |2014.10.20
with Real-World Constraints Intelligence
(25) El Swarm Intelligence in Big Data Cheng Shi, Yuhui Shi, Intelligent Data 2013.10.20-
Analytics Quande Qin, Ruibin Bai Engineering and 2013.10.23

Automated Learning-
IDEAL 2013
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(26) El Solutions Clustering Analysis in  |Shi Cheng, Yuhui Shi, The 2013 IEEE 2013.4.16-
Brain Storm Optimization Quande Qin, Shujing Gao  [Symposium on Swarm  2013.4.19
Intelligence, (SIS 2013)
(27) El Particle Swarm Optimization in Shi Cheng, Chun Zhao, 2013 International 2013.6.12-
Regression Analysis: A Case Study |Jingjin Wu, Yuhui Shi Conference on Swarm  |2013.6.15
Intelligence
(28) El Particle Swarm Optimization Shi Cheng, Yuhui Shi, The 2013 IEEE 2013.4.16-
based Nearest Neighbor Algorithm[Quande Qin Symposium on Swarm  |2013.4.19
on Chinese Text Categorization Intelligence, (SIS 2013)
(29) El Examples Initialization in Chinese |Shi Cheng, Yuhui Shi, The Third IEEE 2013.3.23-
Text Categorization Quande Qin International Conference |2013.3.25

on Information Science
and Technology (ICIST
2013)

Project 10: Research on Robust Recognition Method of Oracle Bone
Inscriptions

| Qiufeng Wang

Key Laboratory of Oracle Information Processing-Key Laboratory - Open Project

Introduction: Currently, the character recognition technology has made great progress, but the performance of Oracle
Bone Inscriptions recognition was not enough. For the complex layout of Oracle Bone Inscriptions books, mixed types of
ancient characters, irregular handwriting and other difficulties, in this project, a method combining character detection and
language discrimination was proposed to extract images of Oracle Bone Inscriptions, and a method combining Oracle Bone
Inscriptions recognizer in the adversarial learning framework was also researched to improve its classification accuracy and
generalization. The purpose of this project is to improve the recognition performance of Oracle Bone Inscriptions and popularize
the interpretation of ancient Chinese characters and ancient books. It also promoted the further development of character
recognition technology.

Keywords: Adversarial Learning, Oracle Bone Inscriptions Recognition, Low Quality Image, Handwriting Recognition

Key issues solved:

1. Generative Adversarial Net technology was used to generate Oracle Bone Inscriptions so as to supplement a few
samples, and the number balance among various samples has been achieved. To better use the generated samples
for the training of Oracle Bone Inscriptions classifier, we integrated the classifier into the framework of Generative
Adversarial Net to form an adversarial learning among Oracle Bone Inscriptions generator, true and false discriminator
of Oracle Bone Inscriptions and category recognizer of Oracle Bone Inscriptions to realize the end-to-end training of
Oracle Bone Inscriptions recognition.

2. Training sample Mix-Up technology was used. The training samples (image features and categories) were mixed in the
process of classifier training respectively to generate false sample for assisting the training. Considering the unbalance
of Oracle Bone Inscriptions, we considered the number of category samples in the process of mixing samples, which
is beneficial to the generation of a few category samples. The method enlarged the classification interface of a few
samples and improves its classification performance.

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. Category |Title Author(s) Journal Title Publication Date
(1 El Mix-Up Augmentation for Oracle =5, TREE, 5K, =T |ICDAR2021 2021.9.2

Character Recognition with il
Imbalanced Data Distribution
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Project 11: Study on Linguistic Context in Document Recognition

| Qiufeng Wang

Programme category: Tencent-China Computer Federation

Introduction: In this project, the complex document situation was faced, including the foreground complex (such as
handwriting, multilingual] and the background complex (such as natural scenes, network images) and the character recognition
research was carried out. In this project, we researched data generation, classifier performance optimization, language
discrimination and other contents. This project has broad application prospects, such as identifying and understanding pictures

and characters on social platforms, and helping to build information security.

Research achievements:

Project 12: A Study of Document Recognition Based on the Internet
Multi-Modal Contents

| Qiufeng Wang

Programme category: State Key Laboratory of Pattern Recognition- Open Project

Introduction: In this project, Internet contents were used to improve the performance of current document recognition.
The starting point is that context information plays a great role in the process of human document recognition. However, the
current document recognition system does not make use of context knowledge satisfactorily. Thus, by using the resources
on the Internet, this project can get a more accurate language context model so as to improve the performance of document
recognition.

Key issues solved:

(1) Quick retrieval of related documents. Aiming at the current document recognition, we researched a fast retrieval
algorithm to quickly find the relevant text information in the Internet text database so as to obtain the correlative text set.

(2) Adaptive updating of language model. According to the correlative text set, we researched the way to update the
current language model quickly so that the new language model can be more suitable for the current document recognition.

(3] Weakly supervised learning of model parameters. Traditional over-segmentation recognition model training needs to
mark every character position. But this strong supervised learning algorithm needs a lot of manpower to mark samples. In this
project, the training model was based on only string-level markup text (instead of character-level markup) so as to reduce the
training cost of the model and improve its applicability.

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. Category [Title Author(s) Journal Title Publication Date

1) Publications (SCI, SCIE, SSCI. A&HCI. El only)

No. Category |Title Author(s) Journal Title Publication Date

(1) SCI Generative Adversarial Classier Zhuang Qian, Kaizhu Pattern Recognition (2020
for Handwriting Characters Super- |Huang, Qiu-Feng Wang,
Resolution Jimin Xiao, Rui Zhang

(2) SCI Improving Deep Neural Network Qiu-Feng Wang; Kai Yao;  [Neurocomputing  |2020
Performance by Integrating Rui Zhang; Amir Hussain;
Kernelized Min-Max Objective Kaizhu Huang

(3) SCI Residual attention-based multi- Mengkai Ma, Qiu-Feng Neurocomputing 2021
scale script identification in scene  |Wang*, Shan Huang, Shen
text images Huang, Yannis Goulermas,

Kaizhu Huang

(4) El An Interactive and Generative Le Zhou, Qiu-Feng Wang, |[ICDAR 2019
Approach for Chinese Shanshui Cheng-Hung Lo, Kaizhu
Painting Document Huang

(5) El Improving Image Caption Yupeng Cao, Qiu-Feng BICS 2019
Performance with Linguistic Context [Wang, Kaizhu Huang and

Rui Zhang

(6) El Improving script identification Yupeng Cao, Jing Li, Qiu- |ICONIP 2019
by integrating text recognition Feng Wang, Kaizhu Huang,
information Rui Zhang

(1) SCI Large-scale Ensemble Model for |Qiu-Feng Wang, Mirror ~ [Cognitive Computation |2019
Customer Churn Prediction in Xu, and Amir Hussain
Search Ads.

(2) El Improving script identification Yupeng Cao, Jing Li, 26th International 2019

by Integrating Text Recognition Conference on Neural

Information

Qiu-Feng Wang, Kaizhu

Huang, and Rui Zhang Information Processing
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Project 13: Fuzzy Cognitive Swarm Optimized Clustering Methods

| Kam Fung Yuen

Application code: F0602 (Department of Information Sciences)

Programme category: National Natural Science Foundation of China [NSFC) - Young Scientists Fund
Technical fields: Data Analysis, Risk Assessment

Introduction: Clustering algorithm is an important and widely used pattern recognition technology in the field of data
analysis. According to a considerable number of research results, intelligent algorithms (including cluster intelligent algorithm
and genetic algorithm) and network cognition methods (including basic network cognition method and fuzzy network cognition
method) have certain advantages and advancements in optimizing clustering algorithms. To resolve the optimization problem
of clustering algorithms, this project reviews, compares and analyzes the existing network cognitive methods and evolutionary
cluster intelligence methods. Finally, we have developed a series of clustering algorithms optimized by evolutionary cluster
intelligence and network cognitive methods, and used open data sets in different fields such as data analysis, recommendation
system, and graph segmentation to test the newly proposed method. This project focuses on optimizing existing algorithms
and expanding the application prospects of new algorithms, which expands the scope of research from the planned “Improve
clustering algorithms with cluster intelligence algorithm™ to "Optimize clustering algorithms with multiple optimization
algorithms and network cognitive methods”; the application direction of the proposed new algorithm covers many fields such
as decision-making problems, data analysis, graph segmentation, recommendation system and so on. During the project, many
graduate students and undergraduates were trained, and the project team published a total of ten academic papers. Three of
them are core journal papers (two are indexed by SCI/EI, and one is indexed by El}, and seven are international conference papers
(six are indexed by El). In addition, the project team developed a financial risk prediction app on the i0S and Android platforms
based on the research results.

Keywords: Clustering Algorithm, Cluster Intelligent Algorithm, Genetic Algorithm, Network Cognitive Method, Data Analysis

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI. El only)

(5) El Towards A Genetic Direct Least Kevin Kam Fung International Conference |2016.07.10-
Squares Prioritization Method Yuen of Machine Learningand  [2016.07.13
for Pairwise Reciprocal Matrices: Cybernetics (ICMLC) 2016
Application of Asset Portfolio
Selection

(6) El Towards an MCDM-based evaluation |Yao Di; Kevin Kam |EEE International 2017.05.29-
framework for regression algorithms|Fung Yuen Conference on Smart 2017.05.31

Computing (SMARTCOMP)

(7) El Towards a Hybrid Approach of Chun Guan; Kevin 2017 IEEE International 2017.6.21-
K-Means and Density-Based Spatial |Kam Fung Yuen; Qi |Conference on Internet 2017.6.23
Clustering of Applications with Noise [Chen of Things (iThings) and
for Image Segmentation IEEE Green Computing

and Communications
(GreenCom) and IEEE
Cyber, Physical and Social
Computing (CPSCom)

and |[EEE Smart Data
(SmartData)

(8) El Towards a recommendation Qingzhi Hu; Kevin 2017 International 2017.6.16-
approach for university program Kam Fung Yuen; Paul|Conference on Service 2017.6.18
selection using Primitive Cognitive  |Craig Systems and Service
Network Process Management

(9) El Towards a Hybrid Approach of Self- [Qi Chen; Kevin Kam |10th 2017.6.14-
Organizing Map and Density-Based |Fung Yuen; Chun International Conference |2017.6.16

Spatial Clustering of Applications
with Noise for Image Segmentation

Guan

on Developments in

eSystems Engineering

No. Category |Title Author(s) Journal Title Publication Date
(1) SCIE, The fuzzy cognitive pairwise Yuen Kevin Kam Engineering Applications of |2017.05
SSCI, El' |comparisons for ranking and grade |Fung Artificial Intelligence
clustering to build a recommender
system: An application of
smartphone recommendation
(2) SCIE, Particle Swarm Optimized Density- [Chun Guan ; Kevin  |Swarm and Evolutionary  |2019.02
SSCI, El |Based Clustering and Classification: |Kam Fung Yuen Computation
Supervised and Unsupervised
Learning Approaches
(3) El Towards Multiple Regression Kevin Kam Fung Journal of Advances in 2017
Analyses for Relationships of Air Yuen Information Technology
Quality and Weather
(4) El Towards A Canonical Particle Swarm|Kevin Kam Fung the Ninth International 2016.08.31-
Optimized Direct Least Squares Yuen Conference on 2016.09.02
Prioritization Method for Ratio Developments in
Pairwise Comparison: An Application e-Systems Engineering
of Mutual Fund Selection (DeSE2016)
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Project 14: Design Methods and Tools to Support the Digital
Manufacturing Process of Personalised Smart Textile Products

| Martijn ten Bhomer

Application code: E051002(Department of Engineering and Materials Sciences)

Programme category: National Natural Science Foundation of China [NSFC)-
International Young Scientists Programme
Introduction: During this one-year project, the focus was on establishing new design methods and tools to support the
digital manufacturing process and its stakeholders (primarily company and end-user] in order to create personalised smart
textile products. We focused specifically on the development of new design methods and tools because it's normally the role of
the designer in a project to find a balance between creating design opportunities and guaranteeing adequate product quality.
Therefore, the main research question of this project was: Which new design methods and tools can be used during the
development process of smart textile products that make use of the capabilities of the digital manufacturing process to support
personalization during the full life-cycle? Within this larger research framework three activities have been undertaken.
1. Acase study has been conducted which explored the potential of predictive software design tools for fashion designers
who are developing personalized advanced functionalities in textile products.
2. Four student projects have been initiated that focused on the design and development of personalized smart textiles, as
well as personalized production using 3D printing.
3. Aninternational network meeting is being organized in which international participants will share insights about
personalized manufacturing during workshops and keynote speeches.
The project has resulted in 3 conference publications, 1 journal publication, 2 local, 1 national and 1 international design
prizes. Furthermore, work has been presented during academic conference in Hong Kong and during the internationally
renowned Dutch Design Week in The Netherlands.

Keywords: Industry 4.0, Smart Textiles, Personalisation, Wellbeing, Industrial Design

Research achievements:

1) Others

Competitions:

- July 3, 2018, Third prize in the China-US Young Maker Competition Suzhou Division for
Yoga Suit project.

- August 18, 2018, Excellence Award during the China-US Young Maker Competition
National Final in Beijing (best 25 teams out of 75 teams), Yoga Suit project

- September 9, 2018, Xi’ an Jiaotong-Liverpool University, Cluster winner (Industrial
Technology), SURF project “EvoPosture”

- October 16, 2018, Barcelona, Spain - Reshape 2018 Sensing Materialities. EvoPosture

Finalist (Best 10 projects out of global submissions)

2. Provincial Projects

Project 1: Interferenceless Machine Learning - Research and
Applications

| Sheng-Uei Guan

Technical fields: Machine Learning, Intelligent Computing

Programme category: Jiangsu Science and Technology Programme - Basic
Research Plan (Natural Science Foundation) - General Programme

Introduction: The research conducted in this project is the theory, algorithm and application of Input/Output Attribute
Partitioning and Grouping (hereinafter referred to as ‘Grouping Learning’). Now, both at home and abroad, the research on group
learning is still in its infancy, and the related theories/algorithms are not perfect, and the related applications are also lacking.
Through the research of this project, the algorithms and measurement indexes related to multi-level learning of input attributes
using canonical correlation were listed, a theoretical framework of multi-level ensemble learning of input attributes can improve
the practical application model of existing patterns and bring new improvements to the structure of some existing intelligent
computing methods, such as neural network, genetic algorithm, support vector machine and swarm intelligence. The research
of this project indicated that grouping learning can be independent of neural network, genetic algorithm and other specific
intelligent algorithms, and can be implemented in many ways, which is a learning strategy different from other methods.

Keywords: Feature Attribute, Group Learning, Machine Learning

Key issues solved: Usually, the traditional learning methods introduce all the input and output attributes at one time, and
then let the machine learn and solve the issue. Or, the feature selection and other preprocessing work shall be done for all
sample feature attributes first and then all selected feature attributes are imported at one time for machine learning so as to
solve the issue. However, the results of such learning methods are often inaccurate. In addition, with the explosive growth of
data and the emergence of high-dimensional data, such complex issues often cannot be effectively solved by traditional learning
methods.

The applicant’s machine learning team of this project applied the method of group learning, with Neural Networks (NNs)
and Genetic Algorithms (GAs) as the main research methods. Through the research, it is proved that group learning and its
training strategy are superior to conventional machine learning methods.

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI. El only)

No. Category |Title Author(s) Journal Title Publication Date
(1) SCI, El EEG Eye State Identification Using |Ting Wang, Sheng- [Mathematical Problems in|2014

Incremental Attribute Learning Uei Guan, Ka Lok  |Engineering

with Time Series Classification Man, T. 0. Ting
(2) El Optimized Neural Incremental Ting Wang, Sheng- |International Journal 2014

Attribute Learning for Uei Guan, Kalok of Computational

Classification based on Statistical |Man, T. 0. Ting
Discriminability

Intelligence and
Applications (IJCIA)

(3) SCI Output Effect Evaluation Based Ting Wang, Sheng- [Special Issue Advanced |2015.1
on Input Features in Neural Uei Guan, Ka Lok |Symmetry Modelling
Incremental Attribute Learning for {Man, Jong Hyuk and Services in Future IT
Better Classification Performance [Park, Hui-Huang Environments, Symmetry
Hsu Journal
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(4) SCI, El Neural Incremental Attribute Fangzhou Liu, Ting |International Journal 2015.6
Learning in Groups Wang, Sheng-Uei  |of Computational
Guan, Ka Lok Man [Intelligence Systems
(5) El Regression based on Neural Ting Wang, Sheng- [the 7th IEEE International {2015.7.15-2015.7.17
Incremental Attribute Learning Uei Guan, Ka Lok Conference on
with Correlation-based Feature Man, T. 0. Ting Cybernetics and
Ordering Intelligent Systems
(CIS) and the 7th IEEE
International Conference
on Robotics, Automation
and Mechatronics (RAM)
(6) El Linear Feature Sensibility for Ting Wang, Sheng- (2015 International 2015.6.14-2015.6.16
Output Partitioning in Ordered Uei Guan, Jiemin Conference on Intelligence
Neural Incremental Attribute Ma, Fangzhou Liu  |Science and Big Data
Learning Engineering (IScIDE 2015)
(7) El Maximum Gaussian Mixture Model |Jiehao Zhang, the 8th International 2016.12.23-
for Classification Xianbin Hong, Conference on Information|2016.12.25
Sheng-Uei Guan,  |Technology in Medicine
Xuan Zhao, Xin and Education (ITME 2016)
Huang, Nian Xue
2) Others
Awards:

1. Fangzhou Liu, received the best paper award at the International Conference on Computing and

Technology Innovation (CTI 2015), May 27 - 28, 2015, University of Bedfordshire, Luton, United Kingdom

Innovation (CTI 2015), May 27 - 28, 2015, University of Bedfordshire, Luton, United Kingdom

3. David Olalekan Afolabi, won PhD Poster Award at XJTLU, 2015

2. David Afolabi, received the best prize award at the International Conference on Computing and Technology

4. Best Paper Award, Ting Wang, Sheng-Uei Guan, Hui-Huang Hsu, JongHyuk Park, KaLok Man, “Classification

Capacity Evaluation Per Feature based on Neural Incremental Attribute Learning” , the 6th FTRA International

Conference on Information Technology Convergence and Services (ITCS-14), Taipei, Taiwan, October 16-18, 2014

Project 2: Multi-Objects Detection and Recognition Based on Deep
Learning

| RuiZhang

Technical field: Artificial Intelligence (Al)

Programme category: The Natural Science Foundation of the Jiangsu Higher Education
Institutions of China - General Programme

Introduction:

This project is a comprehensive research subject with basic research orientation and combination of theory and practice.
Our main research and development goal is to develop a set of key algorithms and technologies for multi-target detection,
recognition and understanding to meet the actual needs of various applications. The algorithms and technological breakthroughs
include

1. the way to realize high-precision multi-target detection in complex background;

2. the way to recognize the detected objects efficiently;

3. the way to detect and identify the object information for data mining and understanding, and then sum up the rules.

Many aspects of research are involved, including the research of machine learning theory including deep learning, and the
processing and analysis technology of multimedia scene data. Currently, the research in the field of deep learning is very active.
However, a common problem is that a lot of data are required and its model optimization is difficult. We hope to optimize the
deep learning model by understanding the specific scene data so as to obtain a model with high running efficiency and excellent
performance. Here, a lot of researches on machine learning theory and model optimization technology are required.

Keywords: Target Detection, Deep Learning, Pattern Classification

Key issues solved:

1. We achieved the task of target detection and recognition for many different targets, including characters in images,
objects and people in videos.
Explored the high-precision and high-efficiency target detection and recognition methods.
Researched the object detection and recognition in difficult scenes, such as object detection and recognition problem
with zero samples and few samples, and text target recognition problem with multi-pose, multi-style and low
resolution.

Main innovations and achievements:

1. An end-to-end neural network framework for degraded text target detection and recognition in low resolution was
implemented. The network innovatively unified the target generator, recognizer and discriminator in a common
network, and realized a high-precision and high-efficiency deep learning framework. The achievements were published
in Pattern Recognition 2020, the international first-class journal.

2. Two frameworks for multi-attitude target detection and global recognition were implemented.

i.  Aunified deep learning framework integrating style neural network and target recognition ejaculation network
was implemented,

ii.  Multi-attitude target detection and overall frame recognition were carried out by using generated countermeasure
neural network. The overall attributes between data were fused effectively and an efficient optimization method
was put forward. This series of research has greatly improved the recognition performance of various targets,
such as faces and characters. The method was published at the International Conference on Brain-inspired
Cognitive System, and won the Best Student Paper Award, and the extended paper was accepted by Cognitive
Computation 2020, an international recognised journal.
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Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI. El only)

No. Category |Title Author(s) Journal Title Publication Date
(1) SCI Generative adversarial classifier  |Zhuang Qian, Kaizhu Pattern Recognition {2020
for handwriting characters super- |Huang, Qiufeng Wang,
resolution Jimin Xiao, Rui Zhang
(2) SCI Improving DNN Performance with |Qiufeng Wang, Kai Yao, Neurocomputing 2020
Kernelized Min-Max Objective Rui Zhang, Amir Hussain,
Kaizhu Huang
(3) SCI A Novel Deep Density Model for Xi Yang, Kaizhu Huang, Rui |Cognitive 2019
Unsupervised Learning Zhang, Yannis Goulermas [Computation
(4) SCI Special Issue Editorial: Cognitively- |Kaizhu Huang, Rui Zhang, |Cognitive 2018
Inspired Computing for Knowledge |Xiaobo Jin, Amir Hussain  |Computation
Discovery
(5) El Improving Script Identification Yupeng Cao, Jing Li, Qiu-  |Australian. Journal of {2019
by Integrating Text Recognition Feng Wang, Kaizhu Huang, |Intelligent Information
Information Rui Zhang Processing Systems
(6) El Improving Image Caption Yupeng Cao, Qiu-Feng International 2019
Performance with Linguistic Wang, Kaizhu Huang, Rui  |Conference on Brain
Context Zhang Inspired Cognitive
System
(7) El Self-focus Deep Embedding Model |Guanyu Yang, Kaizhu International 2019
for Coarse-Grained Zero-Shot Huang, Rui Zhang, John Conference on Brain
Classification Yannis Goulermas, Amir Inspired Cognitive
Hussain System
(8] El Style Neutralization Generative Haochuan Jiang, Kaizhu International 2018
Adversarial Classifier Huang, Rui Zhang, Amir  |Conference on Brain
Hussain Inspired Cognitive
System

Project 3: Robust Imbalanced Learning Based on Min-Max Theory
and lts Application

| RuiZhang

Technical field: Artificial Intelligence (Al)

Programme category: The Natural Science Foundation of the Jiangsu Higher Education
Institutions of China - General Programme

Introduction:

Based on the idea of local and global learning, we researched the unbalanced learning method of max-min theory, and also

researched the basic problems in learning theory: dimension reduction, feature extraction and large-scale classification. The

results of this project include the publication of 2 international conference papers, the publication (or receiving) of 5 international

journal papers, including 3 SCI index articles. In addition, we also applied for a patent. The specific research contents are as

follows:
1.

Research on Local and Global Unbalanced Learning Methods
Based on the local and global ideals, we modified the famous max-min probability machine model, and then derived
our One-side Probability Machine. In this method, the idea of large boundary was adopted for important data, and the
idea of max-min probability machine was adopted for unimportant data. We proved the effectiveness of our method
theoretically and also verified our algorithm on several databases. The results indicated that our method is robust and
has high accuracy for unbalanced learning problems. The achievement was published in Neural Processing Letters, an
international mainstream SCI magazine.
Research on the Basic Theory of Machine Learning
We also researched the basic theoretical problems of machine learning, including dimension reduction, feature
extraction, large-scale classification, small sample learning, ensemble learning of fusion classification and clustering,
which were described respectively below.
i.  Feature extraction
We researched the feature extraction method for large-scale data. Previous feature extraction methods often can’t
have both scalability and discrimination ability. We used random projection method to increase the scalability of
our method, and we also used the discriminant criterion of machine learning to improve the discriminant ability
of our method. Our method has been demonstrated on several large-scale databases. The method was published
in the WSDM (SDA workshop), an international first-class conference, and its extended version was published in
BMC Big Data Analytics, an international magazine.
i.  Dimension reduction
Aiming at the famous Gaussian mixture model in machine learning, we proposed a new method of reducing
dimension and learning model simultaneously. The method can improve the effectiveness of Gaussian mixture
model more than the previous methods in which dimension reduction and model learning are carried out
independently. We applied our method to the clustering, and the experimental results indicate that our method
greatly improved the original method of independent dimension reduction and model learning. The achievement
was published at the IJCNN 2015, an international conference, and the expanded version was published in Neural
Processing Letters, an international mainstream SCI journal of machine learning.
iii. Pattern classification
In addition, we also researched the method of face recognition using a small number of samples. Our greatest
contribution is to propose a face enhancement method that automatically filters out sunglasses so that we
can recognize faces robustly. Our method is published in the International Journal of Machine Learning and
Computing.
iv. Learning problem of small samples
Traditional statistical machine learning methods include unbalanced data learning methods, which often require



a large number of samples. We researched the way to simulate human memory mechanism, and then proposed
a small sample learning method, and implemented our algorithm on neural network. The experiments indicate
that the classification accuracy can be greatly improved when the number of samples is less. The paper has been
accepted by Cognitive Computation, an international journal of SCI.

v.  Ensemble learning method integrating classification and clustering
Usually, the traditional ensemble learning methods only consider the results of ensemble of multiple classifiers,
but in fact, the results of clustering analysis can effectively supplement and improve the final classification effect.
We proposed a method of building data approximate graph by using the clustering results, and discussed the
way to improve the accuracy of ensemble learning by combining clustering analysis and classifier. We have fully
discussed the method and submitted a patent.

Keywords: Robust, Unbalanced Learning, Classifier

Key issues solved:

1. The way to use robust local learning method to constrain a small number of positive samples and suppress the noise
or outliers that may exist in data is a key scientific issue in this subject.

2. The way to use global learning to constrain the overall information of a large number of negative samples in probability
so as to overcome the issue of positive information drowning caused by huge negative data and describe it as a convex
problem is a key scientific issue in this subject.

3. The way to integrate the local learning of positive samples and the global learning of negative samples into a minimum-
maximum learning framework is an important key scientific issue in this subject.

4. The way to describe or relax the above model as a convex programming issue is a key scientific issue in this subject.

Research achievements:

1) Patent
No. Category Status Patents Title Application no. Inventor(s)
(1) BB HE RIS RARERNEMS IR [CN201710123864.6 BT, K, E
A 2E BEE

2) Publications (SCI, SCIE, SSCI. A&HCI. El only)

No. Category |Title Author(s) Journal Title Publication Date

(1) El Two-layer mixture of factor |Yang, Xi and Huang, 2015 International Joint 2015
analyzers with joint factor  |Kaizhu and Zhang, Rui and |Conference on Neural
loading Goulermas, John Yannis  |Networks (IJCNN])

(2) El SDRNF: generating scalable |Chu, Haoda and Huang, Big Data Analytics 2016
and discriminative random  |Kaizhu and Zhang, Rui and
nonlinear features from data |Hussian, Amir

(3) SCI Learning imbalanced Huang, Kaizhu and Zhang, [Neural Processing Letters |2015
classifiers locally and Rui and Yin, Xu-Cheng
globally with one-side
probability machine

(4) El Unsupervised dimensionality |Yang, Xi and Huang, Kaizhu |International conference  |2014
reduction for gaussian and Zhang, Rui on neural information
mixture model processing

(5) El Robust one-shot facial Jiang, H and Huang, K and |International Journal of 2016
expression recognition with  |Mu, T and Zhang, R and Machine Learning and
sunglasses Ting, TO and Wang, C Computing

36

(6)

SCI

Learning from few samples
with memory network

Zhang, Shufei and Huang,
Kaizhu and Zhang, Rui and
Hussain, Amir

Cognitive Computation

2018
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Project 4: Intelligent Multi-Camera Video Surveillance

| Ming Xu & Bailing Zhang

Technical fields: Automation, Artificial Intelligence (Al)

Programme category: Jiangsu Science and Technology Programme - Basic Research
Plan (Natural Science Foundation)

Introduction: Video surveillance means to monitor the activities of specific places through the cameras. Currently, the

video surveillance system in China is realized by operating multiple closed-circuit television monitors and recording to save

the data. Intelligent video surveillance system can automatically detect, track and identify the moving targets in real time by

computer, and distinguish target behavior and events. This project focuses on solving several important problems that plague

the intelligent video surveillance system now. Its success will greatly promote the practicality and popularization of intelligent

video surveillance system.

Keywords: Video Surveillance, Target Detection and Tracking, Pattern Recognition

Key issues solved:

1.

It systematically solved the problems that target detection is sensitive to environmental changes and prone to false
alarms. Based on the geometric model of computer vision, we used information redundancy among multiple cameras
to eliminate shadows in moving target detection.

We researched the way to make full use of some effective observation data in single camera target tracking. Using
symbolic computation and Monte Carlo simulation, we proved that the method of estimating the ‘Observation” at
unobservable side from the observable side is optimal when the trajectory of the target changes during the occlusion
The information fusion strategy was chosen to solve the problem of rapid combination growth when the probabilistic
matching between the target and the observed data was adopted in multi-camera target tracking. We gave up feature
fusion and adopted foreground image fusion method. To apply the method to real-time video surveillance system, we
only mapped the corner points of the foreground region polygon so that it had the advantages of image fusion and high
efficiency of feature fusion.

The temporal and spatial continuity of image sequences was used to classify and recognize the moving objects. Color
distribution of each object along the central axis was used for observation. K-Mean method and Gaussian mixture
model method were used to cluster and learn model parameters online. The method is more accurate and stable
than the original method of target average color or color histogram. The reason is that the former one considers the
covariance and spatial distribution information of colors.

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. Category |Title Author(s) Journal Title Publication Date

(1) SCI, El Visual tracking of partially M. Xu, T. Ellis, S. J. I[ET Computer Vision 2011.01
observable targets with suboptimal [Godsill and G. Jones
filtering

(2) SCI, El Robust object detection with real- |M. Xu, J. Ren, D. Chen, |SPIE Optical Engineering |2012.04
time fusion of mutliview foreground |J. Smith, Z. Liuand T.
silhouettes Jia

(3) El Real-time detection via M. Xu, J. Ren, D. Chen, |Proc. IEEE International [2011/9/11-
homography mapping of foreground|J. Smith and G. Wang |Conference on Image 2011/9/14
polygons from multiple cameras Processing (ICIP” 2011)

(4) El A multiview approach to robust M. Xu, J. Ren, D. Chen, |Proc. International 2011/8/12-
detection in the presence of cast  [J. Smith and Z. Liu Conference on Image and [2011/8/15
shadows Graphics (ICIG” 2011)

(5) El Pruning Phantom Detections from [Jie Ren. Ming Xu, 2012 IEEE International {2012/09/30-
Multiview Foreground Intersection |Jeremy S. Smith Conference on Image 2012/10/03
Processing
(6) El Cast Shadow Removal in Motion ~ |Ming Xu. LeiLu. 2012 IEEE International |2012/10/14-
Detection by Exploiting Multiview  |Tianyuan Jia, Jie Conference on Systems, [2012/10/17
Geometry Ren. JeremyS. Smith |Man, and Cybernetics
(7) El A colour statistical Approach to Jie Ren, Ming Xu, 2012 IEEE International |2012/10/14-
phantom pruning in multi-view Jeremy S. Smith Conference on Systems, |2012/10/17
detection Man, and Cybernetics
(8) El Robust Localisation of Pedestrians [Ming Xu. Tianyuan 2012 IEEE International  2012/10/14-
with Cast Shadows Using Homology|Jia. LeiLu. JeremyS.|Conference on Systems, [2012/10/17
in A Monocular View Smith Man, and Cybernetics
2) Others
Awards:

Ming Xu. Tim Ellis. Simon J. Godsill, Graeme A. Jones , 2012 IET HEHMERAEILEK |, Institution of

Engineering and Technology (IET), IET Computer Vision Premium Award, Best Paper Prize, 2012/11/22 , BixiE
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Project 5: Analysis and Management of Bio-Medicine Image

| Bailing Zhang

Programme category: Jiangsu Science and Technology Programme - Basic Research
Plan (Natural Sicence Foundation) - General Programme

Introduction: Development of intelligent analysis, retrieval and management system of biological images will promote
the development of biomedical equipment industry in China. In the competition of biomedical imaging industry, besides the
development of related hardware such as imaging equipment, the research of a series of basic theories of biomedical image
analysis and processing and the development of corresponding software systems play an important role. Computer technology
can effectively help us to take biomedical images as a comprehensive information resource, and establish a complete set of
biomedical image information database system for collection, processing, analysis, management and publish so as to meet the
needs of biomedical research.

In this project, computer vision, image processing and machine learning theories and methods were used to solve a
series of problems in biological image informatics, including extraction and expression of biological microscopic image feature
information, automatic classification of biological microscopic image, especially the classification and recognition of cell division
morphology; and analysis of temporal and spatial characteristics of biological image sequences to explore the dynamics of cells
and living tissues. This project also explored the semantic information and feature information of biological image data, solved
image retrieval and query by ontology, and researched and constructed an intelligent biological image data management and
data support system for analysis tools and analysis means.

Key issues solved:

1. The multi-scale feature expression of biological microscopic images were researched to indicate that curvelet
transform has superior characteristics in various microscopic image analysis;

2. The problem of multi-feature fusion and random subspace classifier ensemble was solved to realize high-reliability
phenotype recognition of microscopic images;

3. The multi-precision fractal feature expression and classification recognition method of neural salience micro-image
were proposed;
The Random Projection Forest algorithm of phenotype recognition was proposed for RNAi screening;
For the classification of subcellular phenotypic microscopic images, a decision template algorithm based on classifier
ensemble was proposed.

Research achievements:

1) Patents

No. Category |Status Patents Title Application no. Authorisation no. [Inventor(s)

(1) &BR e BEFERREREREAEY) [CN201210499577.2 ZL201210499577.2 [3RER. 3K
ENEGSTEEDES =8
V&

(2) &BE 2 BTFEVMIBEREEESR |{CN201210572602.5 ZL201210572602.5 [skER. 3K
DEFEFRBENT =B
&

(3) &R B BETF S D IHRDTAFMER |CN201210567451.4 ZL201210567451.4 [skBER. 3K
AW RFRER DR E =6

2) Copyright

No. Category | Title Author(s)

(1) Book
Chapter

Breast Cancer Histological Image Classification with|Yungang Zhang, Bailing Zhang, Wenjin Lu
Multiple Features and Random Subspace Classifier

Ensemble

3) Publications (SCI, SCIE. SSCI, A&HCI. El only)

No. Category |Title Author(s) Journal Title Publication Date

(1 El Serial Fusion of Random Subspace |[B.Zhang and T.Pham |Int. J. of Bioinformatics 2013
Ensembles for Subcellular Research and Applications
Phenotype Images Classification (IJBRA)

(2) El Phenotype Recognition with B.Zhang and T.Pham |BMC Bioinformatics 2011 {2011
Combined Features and Random
Subspace Classifier Ensemble

(3) El Phenotype Recognition by Curvelet [B.Zhang, Y.Zhang, Journal of Applied 20M
Transform and Random Subspace  |W.Lu and G.Han Mathematics and
Ensemble Bioinformatics

(4) El Two-stage Hybrid Classifier B.Zhang and P. Tuan [International Journal 2010
Ensembles for Subcellular of Biometrics and
Phenotype Images Classification Bioinformatics

(5) El Breast Cancer Diagnosis from Biopsy|Yungang Zhang, Machine Vision and 2013
Images with Highly Reliable Random |Bailing Zhang Applications
Subspace Classifiers Ensemble

(6) El Highly Reliable Breast Cancer Yungang Zhang, International Joint 2012
Diagnosis with Cascaded Ensemble |Bailing Zhang, Frans |Conference on Neural
Classifiers Coenen and Wenjin Lu [Networks (IJCNN 2012)

(7) El Two-stage hybrid classifier B. Zhang 3rd International 2011.3.25-
ensembles for subcellular images Conference on 2011.3.27
classification Bioinformatics and

Biomedical Technology

(8) El Subcellular Phenotype Images B.Zhang and G.Han  [5th International 2011.5.10-
Classification by MLP Ensembles Conference on 2011.5.12
with Random Linear Oracle Bioinformatics and

Biomedical Engineering

(9) El Breast Cancer Diagnosis from Biopsy|B.Zhang 4th International 2011.10.15-
Images by Serial Fusion of Random Conference on BioMedical [2011.10.17
Subspace Ensembles Engineering and

Informatics

(10) El Multiresolution fractal analysis and |B.Zhang and W.Lu Proceeding of 2010 3rd 2010
classification of neurite images International Conference

on Biomedical Engineering
and Informatics (BMEI2010)

(11) El Classification of Malignant B.Zhang and W.Lu Proceeding of 2010 2010
Lymphomas by Classifier Ensemble International Conference
with Multiple Texture Features on Life System Modeling

and Simulation (LSMS’ 10)
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Project 6: Improving Natural Scene Chinese Text Recognition by
Integrating Contexts

| Qiufeng Wang

Programme category: The Natural Science Foundation of the Jiangsu Higher Education
Institutions of China- General Programme

Introduction: In view of the lack of performance of Chinese natural scene text detection and recognition nowadays, inspired
by the fact that human beings can make full use of context information to recognize scene text, the following three aspects of
research will be carried out for this project:

1. Representation of language context information. The starting point of this project comes from the full consideration
of context information when people recognize scene text, especially the language context knowledge. However, the
knowledge has been cultivated in people’s daily communication for a long time, and there is no clear rule. Thus, the
way to express the language knowledge effectively is a key issue in this project. The commonly used N-gram language
model or dictionary information has obvious shortcomings. For example, N-gram only considers the relationship
between adjacent characters. With the increase of N, its data is sparser (leading to zero probability problem) and its
complexity is higher. In practice, N=3 is generally used, so that only the connection between three adjacent characters
is considered. However, in an open and arbitrary natural scene, the dictionary information does not exist.

2. Optimal path evaluation criteria based on multi-context integration. End-to-end recognition framework including
detection and recognition is a trend of scene text recognition. Under such a framework, the way to effectively fuse
multiple information is a key issue. It includes two parts: 1. The framework based on Bayesian decision theory needs
a complete set of probability distribution. However, the reality is that it is difficult for us to get the true probability
distribution of different context models, especially the language context model mentioned earlier. Thus, the way to
modify Bayesian decision function under the condition of deviation probability distribution is a key problem in this
project; 2. The way to effectively get the parameters of different context models in the decision function is also a key
problem.

3.  Efficient search algorithm. With the integration of context model, path evaluation in candidate grid becomes more and
more complex. With the increase of path length, the complexity of search space increases exponentially. Thus, the
way to find the optimal recognition path quickly and accurately is a key problem to be solved urgently in the face of the
recognition framework integrating multiple context models.

In addition, the representation of geometric context information is also very important, but it is not a key problem, because it

can be solved well after proper implementation and continuous improvement now.

Key issues solved:

The research and development of this project focuses on two core technologies in scene text recognition: character
recognizer and language model. Of which, the function of the character recognizer is to obtain the corresponding character
category according to the input image. Here, we need to consider distinguishing similar characters of Chinese characters.
For this purpose, we proposed a deep neural network classifier based on the minimum-maximum kernel function criterion.
In addition, because the deep neural network needs a large number of samples, we also researched the use of generating
countermeasure network technology to generate samples. The language model is used to judge whether the sentence of
recognition result is smooth and whether the context of characters is reasonable. Considering the different semantics of words
in different contexts, we researched the adaptive algorithm of language model by searching texts with relevant semantics from
large-scale corpus in the process of recognition so as to improve the recognition rate of recognition documents.

In this project, for neural network classifier, we proposed a combination of minimum-maximum training criteria. By
minimizing the intra-class distance and maximizing the inter-class interval, combined with kernel skills, the training criteria
were mapped into kernel space for unified optimization. For training samples, we proposed a method of using cycle Generative
Adversarial Networks (cycle-GAN] to generate Chinese landscape painting documents. For the problem of language model

adaptation, we proposed an unsupervised language model adaptation algorithm using Internet text to improve the performance
of document recognition. In addition, this project also tried some innovations in zero-sample and large-scale integration models,

such as proposing a discriminant zero-sample learning algorithm based on Center Loss.

Research achievements:

1) Patent
No. Category |Status Patents Title Application no. Inventor(s)
(1) R BB HiB ETEEMEERENAUSREIAE CN201811395481.5 TREE. BT

2) Publications (SCI. SCIE, SSCI, A&HCI. EI only)

No. Category [Title Author(s) Journal Title Publication Date
(1 El Nonconvex matrix completion  |Xiao-Bo Jin, Guo-Sen Xie, |Big Data Analytics 2018
with Nesterov’ s acceleration  [Qiu-FengWang, Guogiang
Zhong and Guang-Gang
Geng
(2) SCI Large-scale ensemble model  |Qiu-Feng Wang, Mirror Xu, |Cognitive Computation |2019
for customer churn prediction in |Amir Hussain3
search ads
(3) SCI Large-scale ensemble model  |Qiu-Feng Wang, Mirror Xu, |Cognitive Computation |2019
for customer churn prediction in [Amir Hussain3
search ads
(4) SCI Discriminant Zero-shot learning |Xiao-Bo Jin, Guo-Sen Xie, |Cognitive Computation ({2019
with center loss Kaizhu Huang, Heling Cao,
Qiu-Feng Wang
(5) El An Interactive and Generative Le Zhou, Qiu-Feng Wang, [ICDAR 2019
Approach for Chinese Shanshui |Kaizhu Huang and Cheng-
Painting Document Hung Lo
(6) SCI Improving deep neural network |Qiu-Feng Wang, Kai Yao,  |Neurocomputing 2020
performance by integrating Rui Zhang, Amir Hussain,
kernelized Min-Max objective Kaizhu Huang
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Project 7: Energy Management Strategies Optimisation For Urban
Rail Transportation System

| Shaofeng Lu

Programme category: The Natural Science Foundation of the Jiangsu Higher Education
Institutions of China- General Programme

Introduction: Rail transit is a powerful driving force for the development of national economy. With the massive development
of rail transit system, the energy consumption brought by rail transit is increasing day by day, and the situation of energy-saving
and emission reduction is becoming increasingly severe. As an important part of rail transit, urban rail transit in China will
continue to face great pressure such as improving energy efficiency and reducing energy consumption. Among many energy-
saving technologies of rail transit, the optimization of train running speed curve is considered to have outstanding effectiveness.
In the past, the optimization methods for train speed curve operation include optimal control, coasting control and cooperative
control of train operation in rail transit power grid, etc.

This project is different from the previous ‘Perfect Speed Curve Optimization Technology” between two stations, and the
‘Partial Speed Curve Optimization Technology” based on mathematical programming algorithm was put forward. The project
proposed a complete mixed integer programming mathematical optimization model, which focuses on the train running
curves in the process of acceleration and deceleration in urban rail transit system. In the transient process of acceleration and
deceleration, the speed of the train is considered to increase monotonously or decrease monotonously, and the extreme slope
condition is not considered. The method proposed in this project can quickly find the speed curve of trains under the constraints
of fixed running time and running distance by setting maximizing regenerative braking energy and minimizing traction energy as
objective equations, which can be used in automatic train running and driver-assisted driving system. The operation time of the
method is short, and it has outstanding practicability for online operation. Through mathematical modeling, computer simulation
and optimization, the project indicates that the method researched in the project has satisfying robustness and effectiveness.

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI. El only)

No. Category [Title Author(s) Journal Title Publication Date
(1) SCI Partial Train Speed Trajectory Lu, Shaofeng and Wang, |IEEE Transactions 2016
Optimization Using Mixed-Integer ~ |Ming Qiang and Weston, |on Intelligent
Linear Programming Paul and Chen, Shuaixun |Transportation
and Yang, Jie Systems
(2) El Speed trajectory optimisation for Lu, Shaofeng and Xue,  [IET International 2016
electric vehicles in eco-approach and|Fei and Ting, Tiew On and|Conferences on
departure using linear programming |Du, Yang Intelligent and
Connected Vehicles
(ICV 2016), China
(3) El A two-stage electric vehicles Han, Bing and Lu, 2017 IEEE Intelligent 12017
scheduling strategy to address Shaofeng and Xue, Fei  |Vehicles Symposium
economic inconsistency issues of and Jiang, Lin and Zhu, |(IV]
stakeholders Huaiying
(4) SCI Three-stage electric vehicle Han, Bing and Lu, IET Cyber-Physical 2017
scheduling considering stakeholders |Shaofeng and Xue, Fei  |Systems: Theory &
economic inconsistency and battery |and Jiang, Lin and Xu, Applications
degradation Xiaotong

3. Municipal Projects

Project 1: Integrating Language Model in Natural Scene Chinese Text
Recognition

| Qiufeng Wang

Technical field: Electronic Information - Software

Programme category: Suzhou Science and Technology Development Planning Programme -
Key Industrial Technology Innovation - Prospective Applied Basic Research Project

Introduction: Throughout the ages, character has been one of the important tools for us to record, communicate and
disseminate information. As we have accumulated a lot of character information in our daily lives, such as various books,
newspapers and magazines, handwritten notes, letters, bank bills, personnel files, classic ancient books, and natural scene texts
recorded by smart handheld devices. In recent years, with the rapid development and high popularity of electronic computers,
electronic paper documents will further improve people’s work efficiency and promote the further development of national
economy. Document recognition technology, as one of the key means, has broad application prospects. Character recognition
technology has always been one of the important research contents in the field of pattern recognition. In recent decades, there
has been great development and progress, and corresponding products have been put into practical applications in some
specific occasions, such as Optical Character Recognition (OCR) products widely circulated in the market, including Hanwang
OCR, Tsinghua Wentong OCR and Shuguang OCR. But these products basically stay in printed text with neat background, which
is difficult to be recognized. With the progress of society and the development of related technologies, the objects faced by
character recognition are constantly expanding, from single word recognition to document recognition, from printed recognition
to handwritten recognition, from scanned document recognition with simple background to natural scene text recognition with
complex background or ancient books recognition with low-quality images. Facing these complicated character recognition
problems, the current character recognition technology has not been completely solved, so that the researchers are required to
carry out further research.

The research and development of this project focuses on two core technologies in document recognition: character
recognizer and language model. Of which, the function of the character recognizer is to obtain the corresponding character
category according to the input image. Here, we need to consider distinguishing similar characters of Chinese characters. For
this purpose, we proposed a deep neural network classifier based on the minimum-maximum kernel function criterion. In
addition, the language model is used to judge whether the sentence of recognition result is smooth and whether the context
of characters is reasonable. Considering the different semantics of words in different contexts, we researched the adaptive
algorithm of language model by searching texts with relevant semantics from large-scale corpus in the process of recognition so
as to improve the recognition rate of recognition documents.

Keywords: Chinese Scene Document Recognition, Language Model, Model Fusion, Cluster Search, Weakly Labeled Sample

Key issues solved:

1. We used the recognition strategy twice to get the initial recognition results, and then used the cosine similarity to sort
the similarity values between corpus documents and initial recognition documents to search for related documents,
carried out further train to get a matching language model, and finally fused with the original N-Gram model to get an
adaptive language model.

2. We improved the classification accuracy of the classifier by minimizing the intra-class distance and maximizing the loss
function of the inter-class interval.

3. By researching the weakly supervised learning method of document recognition model parameters, we solved the
problem of the way to avoid the need of character position marking in the training process and improved the training
efficiency, thus adding more training samples and improving the recognition performance.

4. Through adversarial learning method, we solved the problem of recognition of curved text in natural scene documents
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to a certain extent. We also used the cyclic Generative Adversarial Net technology to generate landscape painting

documents.

Research achievements:

1) Patents
No. Category |Status Patents Title Application no. Inventor(s)
(1) A&BB g ET BB RN XUNREISE CN201811395481.5 FREE. BT

2) Publications (SCI, SCIE, SSCI, A&HCI. El only)

No. Category|Title Author(s) Journal Title Publication Date
(1) SCI Improving Deep Neural Network|Qiu-Feng Wang; Kai Yao; |Neurocomputing 2020.3.10
Performance by Integrating Rui Zhang; Amir Hussain;
Kernelized Min-Max Objective  |Kaizhu Huang
(2) El An Interactive and Generative  |Le Zhou, Qiu-Feng Wang, |IEEE Proc. 15th ICDAR  {2019.9.20
Approach for Chinese Shanshui [Cheng-Hung Lo, Kaizhu
Painting Document Huang
(3) El Improving script identification  [Yupeng Cao, Jing Li, Australian Journal of 2019.12.12
by integrating text recognition |Qiu-Feng Wang, Kaizhu |Intelligent Information
information Huang, Rui Zhang Processing Systems
(4) El Weakly Supervised Learning Zhen-Xing Wang; Qiu- ICFHR 2020 2020.9.7

for Over-Segmentation Based
Handwritten Chinese Text
Recognition

Feng Wang; Fei Yin;
Cheng-Lin Liu

Project 2: Platform for Suzhou Municipal Key Lab of Virtual Reality
Technology

| Yong Yue

Technical fields: Virtual Reality Technology and Application, Augmented Reality Technology and
Applications, Virtual Rapid Prototyping, Virtual Manufacturing, Building Information Model

Programme category: Institutional Development and Innovation Project - Key Platform - New
Construction

Introduction: From January 2017 to October 2018, Xi'an Jiaotong-liverpool University undertook the construction and
implementation of the platform of Suzhou Virtual Reality Technology Key Laboratory Platform, a key platform construction
project of Science and Education Innovation Zone. During the implementation of this project, Xi"an Jiaotong-liverpool University
invested more than RMB 3.2 million in project construction, including RMB 2.8075 million in fixed assets; established a virtual
engineering center with a laboratory area of 739m?.

During the construction of the laboratory platform, it successfully applied for 3 National Natural Science Foundation of
China, 1 Provincial Science and Technology Plan Project, 1 Suzhou Science and Technology Plan Project, 1 Scientific Research
Cooperation Project with other provincial universities and 1 Provincial Excellent Course; and seven horizontal and enterprise
cooperation projects with a total amount of RMB 1.19 million were obtained. The laboratory released 4 open topics on the
platform, 20 students with Bachelor's-Master’s-Doctor’s degrees participating in this project, and obtained 22 achievements.

In terms of scientific and technological innovation, the laboratory has applied for 10 national patents of invention. Before
the end of this project, it obtained 2 software copyrights, published 16 SCI retrieval papers and 10 El papers, organized 1
international conference, participated in 20 domestic and international conferences and trained 8 Dr. postgraduates and 10
postgraduates.

As of October 2018, the laboratory introduced an academician of the Art Institution of the Royal Society and Distinguished
Professor of Chang Jiang Scholars as the academic leader in the field of virtual reality, and introduced 10 doctors, including
3 senior technical titles. Five members of the laboratory were promoted to senior title and one member was promoted to a
professor title. The platform construction project was implemented according to the scheduled plan and achieved the established
goals.

Based on the construction achievements of virtual laboratory platform, the Virtual Engineering Center of Xi'an Jiaotong-
liverpool University was established in 2019, which is equipped with Christie high-performance large-screen 3D interactive
system, NVIDIA DGX-2, Visionary Render professional rendering software, VR workstation and other advanced equipment. Work
closely with the Virtual Engineering Center of Liverpool University and the industry to promote innovation through research and
development and provide users with new technical solutions. A number of research and development projects were undertaken,
including water environment monitoring and three-dimensional modeling and visualization, multi-functional intelligent
unmanned ship for water environment monitoring, virtual interactive Tai Chi exercise system, intelligent planning and modeling
of refractive surgery, virtual construction safety management of construction site, virtual planning of the best evacuation path
of buildings in case of fire, real-time positioning and navigation of library books based on augmented reality, and building
environment teaching tools based on virtual reality. Serving as an authorized training center of Unity the relevant training was
conducted.

Keywords: Virtual Reality, Augmented Reality, Virtual Engineering, Virtual Environment, Visualization, Building Information
Model, Water Environment Monitoring

Key issues solved:

1. Multi-modal intelligent interaction in virtual environment, including text input, multi-user interaction and interaction in
different environments, realized efficient interaction between users and systems in virtual environment.

2. Water environment monitoring based on unmanned ship, research and development of multi-functional intelligent
unmanned ships, collect spatial data of water quality and water environment physical geomorphology in real time, in-
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depth analysis and fusion of various data, establish a three-dimensional water environment model with hierarchical
visualization function according to application requirements, display various water quality parameters, riverbed and
bank, siltation, flood discharge, water environment capacity and other characteristics accurately and vividly, and
provide technical support for comprehensive water environment management. Cooperated with the government and
enterprises (including Huawei) to carry out early warning and detection of blue-green algae, and the tests were carried
out in Jinji Lake and Dushu Lake in Suzhou.

3. VR interactive Tai Chi motion system, the Panoramic VR cameras and motion collection equipment are used to collect
the movements of professional motion of professional master of Tai Chi to form a virtual performance demonstration.
Users can choose the practice environment (park, hilltop or riverside) to increase immersion, or other users are
remotely connected to practice together, thus becoming a social and entertainment platform.

4. Safety risk identification, assessment and prevention methods at construction site, with the progress of the project, the
BIM model is constructed, the working status of operators is monitored in real time, and an alarm is given immediately
in case of danger, thus forming real-time and effective construction safety management.

5. For LASIK surgical assistant project, the historical cases of LASIK surgery are analyzed through machine learning, the
surgical parameters and effect prediction are obtained, and patient vision with ray tracing method are simulated to
provide reference for surgery.

6. Real-time book search navigation system in library, a mobile phone is needed to retrieve the target book information
fuzzily, positions of user and book are located in real time, and the automatic route planning algorithm is realized.
Based on Unity and augmented reality technology, the navigation arrow and the shortest path are generated, and the
user is guided intuitively in place. It can also retrieve library data and display book information in real time.

7. Virtual reality-based building environment teaching tool enables students to experience virtual buildings and apply new
designs in virtual reality environment. Feedback from 50 students of different majors indicates the need for recognition
and expansion of this tool.

Research achievements:

1) Patents
No. Category [Status Patents Title Application no. Authorisation no. |[Inventor(s)
(1) KRB R —FEBIFKE TR ESTA |CN201710580993.8 ZL201710580993.8 |[ZET, &
RO A R IR E 25 SE= 1
3, &5
(2) & BB e HEFWAHEEOWIERZK [CN201710523755.3 ZL201710523755.3 |&=E | 5kbz
R S N8R 5 54 SE BT A 1 KE K
ik —3i, TE
(3) KAB e EFWR@KmaKEYST  |CN201710288461.7 ZL201710288461.7 |&=E& | 5kBx
M2 B WERE 5k W, Sk—3,
T
(4) KRB R —MEER T L2 XIR  |{CN201710620154.4 ZL201710620154.4 |3k, &8
5. WEAEFIRGSE A
2) Copyrights
No. [Status [Category |Title Author(s) Application no. Certificate no.
(1) |E3RER|EE EREEEEFITHE ZEeTE 2021SR0162229 6886546
(2) |E3REN|TE T AIKEMSIARIR G SOKEEIET | 250 E% , RIES 2020SR0759995 5638691
MRS
(3] |EFRER|EE LASIK FRBIIEZR S (LASIK BB, TS 2019SR0177448 3598205
Assistance)
(4) |SIRER | VRSVT =fJ Al 8 |(BeT. EESE 2019SR0177081 3597838
FR : VRSVT] V1.0
(5) |EFKER|&E KRB SR ER R RS KEE 2019SR0176801 3597558
(6) |EFRER|E TASRKEISNREEEERES | R, KIRES 2019SR1106062 4526810
(7) |E3RER|EE KBS S5 MERS  |E58. KERIE. X 2017SR406022 1991306
(8) |B3REN|HE THERBKRENEREERRS |EE. KEIE. 2% 2017SR480896 2066180

3) Publications (SCI, SCIE. SSCI, A&HCI. El only)

No. Category |Title Author(s) Journal Title Publication Date
(1) SCIE Collaborative behavior, Lei Chen, Hai Ning Liang, Human-Centric 2020
performance and engagement |Feiyu Lu, Konstantinos Computing and
with visual analytics tasks using |Papangelis, Ka Lok Man and |Information Sciences,
mobile devices Yong Yue 10: 47, 2020
(2) SSCI Health Benefits of Digital Wenge Xu, Hai-Ning Liang, |Games for Health 2020
Videogames for the Aging Nilufar Baghaei, Bing Wu Journal, 24 Jun 2020
Population: A Systematic Berberich, and Yong Yue
Review,
(3) El 3D Modeling and Visualization of[Mingyang Sheng, Yong Yue, (2020 International 2020
River Systems Xiaohui Zhu Conference on
Computer Engineering,
Multimedia
Technologies
(CEMT2020), Shenyang,
25-26 December 2020
(4) El Workload, Presence and Task  [Wenxin Sun, Mengjie Huang, [3rd IEEE International |2020
Performance of Virtual Object  [Rui Yang, Jingjing Zhang, Liu [Conference on Artificial
Manipulation on WebVRD Wang, Ji Han and Yong Yue |Intelligence & Virtual
Reality (AIVR 2020),
Utrecht, Netherlands
(online), pp358-361 14-
18 December 2020
(5) El A Comprehensive Survey and  [Bin Yan, Tianxiang Chen, Arai K., Kapoor 2020
Analysis on Path Planning Xiaohui Zhu, Yong Yue, Bing  |S., Bhatia R. (eds)
Algorithms and Heuristic Xu, Kai Shi Intelligent Computing.
Functions SAI 2020. Advances in
Intelligent Systems and
Computing, vol 1228
(6) El An Improved Schematic Human [Wei Wang, Yong Yue 2nd International 2020
Eye Model for Human Vision Conference on Advances
Simulation in Computer Technology,
Information Science and
Communications (CTISC
2020), pp27-33, 16-17
July 2020
(7) El Exploration of Hands-free Text [Xueshi Lu, Difeng Yu, Hai- 2020 IEEE International (2020
Entry Techniques for Virtual Ning Liang, Wenge Xu, Symposium on Mixed
Reality Yuzheng Chen, Xiang Li, and Augmented Reality
Khalad Hasan (ISMAR)
(8) El An Improved APFM for XZhu, Y Yue, H Ding, SWu,  |16th International 2019
Autonomous Navigation and MS Li, Y Hu Conference on
Obstacle Avoidance of USVs Informatics in Control,
Automation and
Robotics (ICINCO 2019),
Prague, Czech, July
2019
(9) SCIE Designing an Optimized Water  [Xiaohui Zhu, Yong Yue, Water, 11(2): 713, 2019 {2019
Quality Monitoring Network with|Prudence W.H. Wong, Yixin
Reserved Monitoring Locations |Zhang and Hao Ding
(10) SCIE Accuracy Control of Fiber Xiaohui Zhu, Yong Yue, F Hu, J[Arabian Journal 2019
Cable’ s Outer Diameter Shou, J Zhang and K Cao for Science and
with Algorithms of Filtration, Engineering, 1-17, 2019
Prediction and PID Controller
(11) El Directional Motion-based Wenge Xu, Haining Liang, 2018 International 2018
Interfaces for Virtual and Yong Yue Computers, Signals and
Augmented Reality Head- Systems Conference
mounted Displays (ICOMSSC)
(12) SCI Optimum Water Quality Xiaohui Zhu, Yong Yue, International Journal of (2018
Monitoring Network Design for |Prudence W. H. Wong, Yixin  |Environmental Research
Bidirectional River Systems Zhang and Jianhong Tan and Public Health
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(13) SCI Evaluating Immersion, Diego Monteiro, Hai-Ning Journal Computer 2018
Presence, and Emulator Liang, Wenge Xu, Marvin Animation & Virtual
Sickness in Virtual Reality Brucker, Vijayakumar Worlds (CAVW), John
Games based on First- Nanjappan and Yong Yue Wiley Press.
and Third-Person Viewing
Perspectives
(14) SCI Infrared Motion Detection and  [Keyu Chen, Hai-Ning Liang, |Journal Computer 2018
Electromyographic Gesture Yong Yue and Paul Craig Animation & Virtual
Recognition for Navigating 3D Worlds (CAVW]), John
Environments Wiley Press
(15) El Using Imbalanced Learning: A |Wei Wang, Yong Yue, Ahmed |9th International 2018
Case Study in Refractive Surgery|Elsheikh and Fangjun Bao Conference on
Outcome Prediction Information Technology
in Medicine and
Education, Hangzhou,
China, 19-21 October
2018
(16) El Intelligent Planning for Laser  |Wei Wang, Yong Yue, Ahmed |Journal of Physics 2018
Refractive Surgeries Elsheikh and Fangjun Bao Conference Series, 2018
(17) El A Hybrid Approach to Detection [Yu Tao, Yong Yue, Paul Craig |4th International 2017
and Recognition of Dashboard Conference on Systems
Information in Real-time and Informatics (ICSAI
2017), Hangzhou, China,
11-13 November 2017
(18) A&HCI Resource Optimization based on|Gan, Z., and Zhang, C. Frontiers of 2017
BIM and Construction Process Architectural Research,
Simulation 2017, 5(26), 28-30
(19 El An Educational Tool based on  |Zhang C,, Lu, Y., Xu, R., Ye, X, [Modern Applied Science.|2017
Virtual Construction Site Visit ~ |Shi, Y. and Lu, P. Vol. 11, No.8, August
Game 2017. Canadian Center
of Science and Education
(20) El A Real-Time Anomaly Detection |Jin Zhang, Xiaohui Zhu, Yong |Seventh International {2017
Algorithm for Water Quality Yue, Prudence WH Wong Conference on
Data using Dual Time-Moving Innovative Computing
Windows Technology (INTECH
2017)
4) Others
No. |Technical Standard Title Target Value Actual Value

(1)

FEES

2E

ERMESFLIVE, 2 I Copyright EERIRFEA

Project 3: Research and Development of Artificial Intelligent (Al)
Chip Based on ARM Architecture

| Chun Zhao

Technical fields: Chips, Microelectronics, Semiconductors, Artificial Intelligence Hardware

Programme category: Key Programme Special Fund (KSF) - Applied Technology Research Programme

Introduction:

To speed up the development of artificial intelligence industry, the Three-year Action Implementation Plan for Artificial
Intelligence in ‘Internet Plus’ formulated by the National Development and Reform Commission, the Ministry of Science and
Technology, the Ministry of Industry and Information Technology and the Central Network Office was officially issued in May 2016.
It is planned that by 2018, the industry, service and standardization system of artificial intelligence will be basically established,
breakthroughs in core technologies will be achieved, a number of leading artificial intelligence backbone enterprises in the
world will be cultivated, and a 100 billion-level artificial intelligence market application scale will be formed. Especially, in the
aspect of smart wearable devices, the Three-year Action Implementation Plan for Artificial Intelligence in ‘Internet Plus’ provides
specific descriptions and guidance for embedded artificial intelligence chips. Efforts will be made to break through lightweight
operating systems, low-power and high-performance chips and other key technologies. As the upstream of the industrial chain,
artificial intelligence chip is also the link with the highest technical requirements and added value, and its industrial value
and strategic position are far greater than the application layer innovation. As the chip is at the top of the artificial intelligence
industry chain, the way to develop embedded artificial intelligence chips to lead the upgrading of core technologies, cultivate
and expand strategic emerging industries, promote product innovation with technological innovation, better meet the consumer
demand brought by embedded artificial intelligence, and lead, create and expand new consumer demand has become our focus.
This project is dedicated to developing embedded artificial intelligence chips based on ARM Cortex-M4 architecture to meet the
hardware computing control requirements of lightweight operating systems and artificial intelligence algorithms for intelligent
hardware, and the main application scenarios include smart homes, smart robots, smart hardware and smart wearable devices.

Upon the R&D, the embedded artificial intelligence chip of this project is designed and developed by ARM Cortex-M4
architecture, and the 130nm semiconductor process is selected, and the main frequency can reach 48MHz. Through optimization
design, the working current of the embedded artificial intelligence chip can be effectively controlled within 400mA when it works
at full load. In terms of chip physical size, a single embedded artificial intelligence chip can be controlled within 6mm x 6mm
through rich layout design experience of R&D team. The embedded artificial intelligence chip is matched with FLASH at 32k
and above and the SRAM at 6k and above, has a 12-bit analog conversion module (ADC), supports USM2.0 application module
and has a rated operating voltage of 3.3V. Basically, it meets the operation requirements of lightweight operating system and
artificial intelligence algorithm for intelligent hardware. For the research and development content of the specific project,
the corresponding research scheme is conducted around the following functional modules: the central processing unit (ARM
Cortex-M4 core is applied. When the main core chip works at full load, the main frequency can be up to 48MHz), digital IP (program
space FLASH, SRAM, various bus/communication interfaces (SPI, UART, IIC, MAC Ethernet, USB, CAN), specifically designed
chips, multiple timers and multiple PWM modules for communication or expansion with external devices or various sensors),
analog or digital-analog hybrid IP (ADC, DAC module, high-precision operational amplifier, high-speed and high-precision
comparator, LDO power supply module, DC/DC power supply module), chip technology (advanced semiconductor manufacturing
technology of 130nm embedded flash memory).

Key issues solved:

This project focuses on the design of embedded artificial intelligence chip. The key lies in the specification design of the top
layer of the chip as well as the technical development and IP integration of each IP module. The main key technical problems are
as follows:

1.Selection of chip fabrication process

According to the comparison of performance parameters, the research team finally selected the semiconductor process
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that meets the design requirements of this project, that is, the FS13Q7P8 process of GSMC. This process is 0.13um Flash process
of Dual Gate and it supports dual voltage of 1.5V and 5V operation. Namely, the operating voltage of the internal digital part is 1.5V,
and the chip interface voltage ranges from 2.5V to 5.5V, which can meet most embedding applications. The operating voltage of
the analog module is 2.7V to 5.5V, which can maximize the performance and parameters of the analog circuit of the chip.

2.Design and verification of chip architecture and bus

The research team of central processing unit adopts the ARM Cortex-M4 core. The main system of the chip is composed
of 32-bit multi-layer AHB bus matrix, which can realize the access from the main control bus to the controlled bus so that the
system can realize concurrent access and efficient operation even when multiple high-speed peripherals run simultaneously.

3.Analog IP design and verification of chip

The schematic design, layout design and verification of digital-analog hybrid IP have been completed. The research progress
of digital-analog hybrid IP includes: high precision 12-bit ADC, high-speed PLL, 8MHz oscillator, ultra-low speed oscillator, 0SC
4-32MHz crystal oscillator circuit, 1.5V Capless LDO, power supply reset, low voltage detection and other power supply circuits.

4.Digital IP design and verification of chip

The embedded artificial intelligence chip of this project has fast running speed and computing ability. In addition to ARM
Cortex-Mé4 kernel, it also includes the following digital IP (design and verification have been completed): program memory
FLASH control module, static memory SRAM (32 bits wide), serial peripheral interface SPI/I2S, universal serial data bus UART,
integrated interconnected serial bus I2C, universal serial bus USB, timer and PWM, chip clock management module.

5.System design and verification of chip

The system design of the chip should be a bottom-up way, which first designs each module separately and then integrates
it. Analog simulation takes the module as a unit to simulate each electrical index and adjust the circuit design to ensure that
each unit meets the design specifications. Finally, Synopsys XA software is used for digital-analog mixed simulation to eliminate
the interface errors of digital and analog circuits.

Research achievements:

1) Patents
No. Category |Status Patents Title Application no. Authorisation no. |Inventor(s)
(1) BB A ETFSMEMEMIRASE [CN201911299226.5 FAREE , X
PSR A E e R E A &= REM,

BRE (kS

(2) KRB FS HEFRKFENBENZM [CN201911299235.4 XEG, &
WAAEFUEERARE &=, XM,
REFIESZE ¥ET , AL
& ST
(3] &R ==h ETFBRESENBTTEN |{CN201911299283.3 X /ZHE XE
BEHESEENHETE XS ¥ ED
(4) SCAFE (B —FREE RRAM CN201920491530.9 ZL201920491530.9  ILARA , &
&=, XEEM
wHE,ZX,
KZ NS
(5) SEAEFERE A —FETF HESMARL |CN201920491617.6 ZL201920491617.6  |[fXKA &
SEERRE EXSRIMN #5%0
FkEE
(6) SEAFE A —METFERSNEES |[CN201920491337.5 ZL201920491337.5  |A8kEE, #&X
WL SIRB R =, e,
[GiEdl]
2) Publications (SCI. SCIE. SSCI. A&HCI, El only)
No Category |Title Author(s) Journal Title Publication Date

(1) SCI Comproportionation Reaction Synthesis|Q H Liu, Chun Zhao, | Z  |Advanced Electronic (2020
to Realize High-Performance Water-  [Mitrovic, WY Xu, L Yang |Materials

Induced Metal-Oxide Thin-Film and C Z Zhao

Transistors

(2) SCI Enhancement on the performance of |T S Zhao, Chun Zhao, J  [Journal of Alloys and {2020
eco-friendly solution-processed InO/  |F Zhang, | Z Mitrovic, E G |Compounds
AlO thin-film transistors via lithium Lim, L Yang, T Song and
incorporation C Z Zhao

(3) SCI Advances of RRAM Devices: Materials, |Z J Shen, Chun Zhao,Y |Nanomaterials 2020
Resistive Switching Mechanisms and  |F Qi, WY Xu, Y N Liu, | Z
Bionic Synaptic Application Mitrovic, L Yang, C Z Zhao

(4) SCI Effect of electrode area on resistive Y F Qi, Z J Shen, Chun Journal of Alloys and |2019
switching behavior in translucent Zhao and C Z Zhao Compounds
solution-processed AlOx based
memory device

(5) SCI Aqueous solution-processed AlOx Y X Fang, Chun Zhao, S  |Radiation Physics and|2019
dielectrics and their biased radiation  |Hall, I Z Mitrovic, WY XU, |Chemistry
response investigated by an on-site L Yang, TS Zhao, Q H Liu
technique and C Z Zhao

(6) SCI Bias-stress stability and radiation Y X Fang, Chun Zhao, I Z [Microelectronic 2019

response of solution-processed AlOx
dielectrics investigated by on-site
measurements

Mitrovic, S Hall, L Yang
and C Z Zhao

Engineering
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Project 4: Wireless Localization in Non-Line-of-Sight Conditions

| Dawei Liu

Programme category: Suzhou Science and Technology Development Planning
Programme - Others

Introduction: Wireless positioning is considered as the most promising development direction in the wireless Internet era.
From the early aircraft navigation to today’s electronic maps, environmental monitoring and social networks, wireless positioning
is more and more widely used in all aspects of social production and life. However, it also faces two kinds of challenges: NLOS
propagation of positioning signals and positioning spoofing by malicious users.

NLOS propagation of wireless signals has long been considered as the main error source of wireless positioning systems.
Usually, the positioning error of CDMA system is tens of meters, but it can be up to 589 meters in NLOS environment. There are
similar problems in wireless sensor network positioning and wireless local area network positioning. As a result, the way to
detect NLOS propagation and to eliminate its influence is one of the hot spots in the research of wireless positioning system.

Another big challenge faced by wireless positioning system comes from positioning spoofing by malicious users. In 2003,
the US Department of Transportation reported that civil GPS signals were at risk of being forged.

Forged GPS signals may lead to serious positioning errors, and even lead to complete paralysis of GPS functions in a certain
area. In recent years, more and more researches have begun to focus on the security issues in wireless positioning, and the
main research directions include the ways to find abnormal positioning results caused by malicious users and to eliminate such
anomalies.

Since both NLOS propagation and positioning spoofing may cause positioning errors, when we face various positioning
errors, the first problem to be solved is to determine their sources, whether they originate from NLOS propagation, positioning
spoofing or both. The existing research on NLOS propagation and security mechanism has ignored this basic problem. You cant
find a solution by proper way if the questions are not answered.

Through the analysis of wireless positioning signals, a set of wireless positioning security mechanism suitable for NLOS
environment is designed for the project, which solves the problem of identifying error sources in wireless positioning system
under error environment. The research results provide theoretical basis and technical support for the security of wireless
positioning system in China, and provide a basis for relevant Departments to develop the industry standards, regulations and

policies.

Key issues solved:

1. Robust positioning error detection. Our previous research has proved that the traditional consistency analysis cannot
effectively detect the wireless positioning errors in some areas. This is also one of the key problems to be solved in
this topic. By using different signal measurement methods and different consistency measurement methods, we
successfully solved this problem.

2. Error identification method based on user similarity. The way to define the similarity of adjacent users and the way to
define the degree of similarity are the key problems to be solved in similarity research. We proposed a set of boundary
values of similarity and gave the strict mathematical proof.

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI, EIl only)

(2) El Analysis of Location Spoofing WeiY, Liu D. International Conference 2015
Identification in Cellular Networks on Mobile, Secure and
Programmable Networking
(3) El Identifying malicious attacks to LiuD. 2014 |IEEE MiSeNet 2014
wireless localization in bad channel
conditions
(4) El Linear programming algorithms for [Xu K, Liu H, LiuD, et {2016 IEEE International C  |2016
sensor networks node localization |al. onference on Consumer
Electronics (ICCE)
(5) El S cenar10 Based Secure Risk R. Fu, X. Ban, X. Electronics,
Assessment Huang, and D. Liu. ~ [Communications and
Networks IV
(6) El Wi-Fi Access Point Roaming: Wang L, Zhao'Y, 8th IEEE International 2015
Challenges and Potential Solutions  [Afolabi D, D, Liu. Conference on Network-
Based Information Systems
(NBiS)
(7) El Dynamic Sensor Selection in MaY,HouF, MaS, |IEEE 83rd Vehicular 2016
Heterogeneous Sensor Network and D. Liu. Technology Conference (VTC
Spring)
2) Others
Fg |RERBEARBIRESIR SRBRE SRR {E
1 SR EESRIE AR 1E ®IT 1 ERAIEREE
2 |RuIRYA 1B FET | BRT matleb BFASRTE

No. Category |Title Author(s) Journal Title Publication Date
(1) El An Improved IEEE 802. 15. 6 X. Huang, D. Liu, et al.|IEEE/CIC ICCC 2015 2015

Password Authenticated Association Symposium on Selected

Protocol Topics in Communications

55



56

Project 5: Intelligent Scene Understanding Based on Deep Neural
Networks

| Kaizhu Huang

Programme category: Key Programme Special Fund (KSF) - Applied Technology
Research Programme

Introduction:

The development of intelligent scene understanding technology based on deep learning in this project means the automatic

detection, identification, recognition and understanding of targets in the scene through sensors so as to achieve the purpose

of machine intelligence. Intelligent scene understanding is an important application field of artificial intelligence, which can be

widely used in many occasions of social life. Typical application examples include unmanned supermarket system, supermarket

without queuing and unmanned checkout, and intelligent catching and escaping system [the public cameras are automatically

used to identify and alarm suspects or vehicles). This project will use deep learning to develop high-precision and high-efficiency

scene understanding technology. The development of this subject technology is expected to be combined with social security,

tourism service, smart city construction and other related projects in Suzhou Industrial Park District.

Since the implementation, the project has progressed smoothly. 2 software copyright applications and 6 patents have been

submitted, including 5 invention patents and 1 utility model patent. In addition, 2 English books on deep learning and machine

learning have been published. 30 papers have been published, including 17 papers in international journals and 13 papers in

international conferences, including 15 papers indexed by SCI and 15 papers indexed by El. In addition, with the support of this

project, 6 postgraduates are trained. There are additional 12 new national, provincial and horizontal projects in the project team,

including 3 general projects of National Natural Science Foundation of China.

Keywords: Scene Understanding, Pattern Recognition

Key issues solved:

The main & key problems we solved are as follows:

1. We have implemented end-to-end learning for multiple scenes. The three steps of feature extraction, target detection
and target recognition in the scene are combined for overall training, which makes the performance better.

2. We have implemented a deep learning model optimization method for multiple scenes. In the specific field of scene
data analysis, the basic characteristics of data are fully exploited so as to optimize the deep learning model, make the
model have better structural characteristics and reduce the running complexity of the model.

3. We implemented the compression and expression of scene data. Facing the real-time analysis of large-scale scenes,
we have developed an effective expression to store and calculate a large amount of data.

Research achievements:

1) Patents

No. Category [Status Patents Title Application no. Authorisation no. |Inventor(s)

(1) & BB A5 —FhyeR RPIABERZEY  |CN202010010649. 7 =N ES
RNAEE, HEMES

(2) & BB i LEFPSHARNNEZH |CN201910933634.5 CoaN NN
I3— 1L BRI AR 215 & EIES
AP

(3) &BE =2h ETFEEMRZEAFIIZ |CN201811395481.5 R, &
BRRBIF % &

(4) KB =2hr EFPSHARMNEZRE |CN201810683657.0 E-oaN NN
ERRTE ENE

(5) &3 Bi5 —MEREXELGINFBARIESS  |CN201811264554. 7 oiERE
Bl ARG R 5E
(6) SERATEL | —MEREXELGREBMRIES  |CN201821753690.8 7L201821753690.8  |S5%H8 , Ko
=il Baiel RS S
2) Copyright
No. |Status [Category|Title Author(s) Application no. Certificate no.
(1) (B [HENR | BETRFENELHNERN RS (5717, VP&l 3RS, $7 |2020SR0935411 5814107
HEE V10 1IN
(2) | |AENER RO PEREM T RIS ESEE R (BT, S |, K8t ¥ |2020SR0932157 (5810853
(i S R ARY N
3) Publications (SCI, SCIE, SSCI, A&HCI, El only)
No. Category [Title Author(s) Journal Title Publication Date
(1) El Adversarial Rectification Network for|Jing Li, Qiufeng Wang, Rui |ICONIP 2020
Scene Text Regularization Zhang, Kaizhu Huang
(2) El Towards Better Forecasting by Jiezhu Cheng, Kaizhu AAAI 2020
Fusing Near and Distant Future Huang, Zibin Zheng
Visions
(3) El Reliability Does Matter: An End-to- |Bingfeng Zhang, Jimin AAAI 2020
End Weakly Supervised Semantic Xiao, Yunchao Wei, Mingjie
Segmentation Approach Sun, Kaizhu Huang
(4) El Self-Focus Deep Embedding Model |Guanyu Yang, Kaizhu BICS™9 2019
for Coarse-Grained Zero-Shot Huang, Rui Zhang, John
Classification Goulermas and Amir
Hussain
(5) El Action Recognition in Videos with Yuanye Fang, Kaizhu BICS'19 2019
Temporal Segments Fusion Huang, Qiufeng Wang and
Rui Zhang
(6) El Improving Image Caption Yupeng Cao, Qiufeng Wang, |BICS™19 2019
Performance with Linguistic Context [Kaizhu Huang and Rui
Zhang
(7) El Fine-Grained Image Classification  |Jinlong Hong, Kaizhu BICS™9 2019
with Object-Part Model Huang, Hai-Ning Liang, Rui
Zhang and Xinheng Wang
(8) El MPSSD: Multi-Path Fusion Single  [Shuyi Qu, Kaizhu Huang, |IJCNN’ 2019 2019
Shot Detector Amir Hussain, Goulermas
Yannis
(9) El Joint Multi-Label Attention Networks{Hang Dong, Wei Wang, NAACL-HLT 2019 2019
for Social Text Annotation Kaizhu Huang and Frans
Coenen
(10) El W-Net: One-Shot Arbitrary-Style Haochuan Jiang, Guangyu [ICONIP’ 2018 2018
Chinese Character Generation with  |Yang, Rui Zhang, Kaizhu
Deep Neural Networks Huang
(11) El Improving DNN Performance with  |Kai Yao, Kaizhu Huang, Rui |{ICONIP’ 2018 2018
Kernelized Min-Max Objective Zhang, Amir Hussain
(12) El Style Neutralization Generative Haochuan Jiang, Kaizhu  |BICS’ 2018 2018
Adversarial Classifier Huang and Rui Zhang
(13) El Rolling Forecasting Forward by Di Zhang, Yunquan Zhang, |Pacific-Asia 2018
Boosting Heterogeneous Kernels Qiang Niu, and Xingbao Qiu|Conference on
Knowledge Discovery
and Data Mining
(14) SCI Automated Social Text Annotation Dong, Hang; Wang, Wei; |EEE Transactions on |2020
with Joint Multi-Label Attention Huang, Kaizhu; Coenen, Neural Networks and
Networks Frans Learning Systems
(15) SCI Novel Artificial Immune Networks- |Summrina Kanwal Wajid, |Expert Systems with |2020
based Optimization of Shallow Amir Hussain, Kaizhu Applications
Machine Learning (ML) Classifiers |Huang
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(16) SCI Segmentation Mask Guided End-to- [Dingyuan Zheng, Jimin Signal 2020
End Person Search Xiao, Kaizhu Huang Processing: Image
Communication
(17) SCI Style Neutralization Generative Haochuan Jiang, Kaizhu Cognitive 2020
Adversarial Classifier Huang*, and Rui Zhang, Computation
Amir Hussain
(18) SCI Correlation Filter Selection for Yanchun Xie, Jimin Xiao, |EEE Transactions on |2020
Visual Tracking Using Reinforcement|Kaizhu Huang, Jeyarajan  [Circuits and Systems
Learning Thiyagalingam, Yao Zhao |for Video Technology
(19) SCI A Novel Deep Density Model for XiYang, Kaizhu Huang*, Rui|Cognitive 2019
Unsupervised Learning Zhang, Yannis Goulermas |Computation
(20) SCI Maximum Power Point Estimation  |Jieming Ma, Haochuan IEEE Transactions on {2019
for Photovoltaic Strings Subjected to |Jiang, Zigiang Bi, Kaizhu  |Industry Applications
Partial Shading Scenarios Huang*, Xingshuo Li,
Huiging Wen
(21) SCI Cross-Modality Interactive Attention |Lu Zhang, Zhiyong Liu, Information Fusion 2019
Network for Multispectral Pedestrian|Shifeng Zhang, Xu Yang,
Detection Kaizhu Huang, Amir
Hussain, Hong Qiao
(22) SCl Guided Policy Search for Sequential |Fanzhou Xiong, Biao Sun, |IEEE Transactions {2019
Multi-Task Learning Xu Yang, Kaizhu Huang, on Systems Man and
Hong Qiao, Amir Hussain, |Cybernetics-Systems
Zhi-Yong Liu
(23) SCI Learning Latent Features with Xi Yang, Kaizhu Huang*, IEEE Transactions 2018
Infinite Non-negative Binary Matrix |Rui Zhang, Amir Hussain  |on Emerging Topics
Tri-factorization in Computational
Intelligence
(24) SCI Banzhaf Random Forests: Jianyu Sun, Guogiang Neural Networks 2018
Cooperative Game Theory Based Zhong, Kaizhu Huang,
Random Forests with Consistency  |Junyu Dong
(25) SCI A New Two-layer Mixture of Factor |Xi Yang, Kaizhu Huang*, Neurocomputing 2018
Analyzers with Joint Factor Loading [Rui Zhang, Amir Hussain,
Model for the Classification of Small |Yannis Goulermas
Dataset Problems
(26) SCI Three-Dimensional Local Energy-  [Summrina Kanwal Wajid*, |Expert Systems with (2018
Based Shape Histogram (3D-LESH]- |Amir Hussain, Kaizhu Applications
Based Feature Extraction- A Novel |Huang*
Technique
(27) SCI Approximately optimizing NDCG Xiao-Bo Jin, Guang-Gang |Information Sciences |2018
using pair-wise loss Geng, Guo-Sen Xie, Kaizhu
Huang
(28) SCI A review on Multi-task Metric Peipei Yang, Kaizhu Huang, |BMC Big Data 2018
Learning Cheng-Lin Liu, Amir Analytics
Hussain
(29) SCI Mining concise patterns on graph-  |Di Zhang, Yunquan Zhang , |Neurocomputing 2019
connected itemsets Qiang Niu, and Xingbao Qiu
(30) SCI Solving shifted linear systems with  [Rui-Rui Wang, Qiang Niu, |Computers and 2019
restarted GMRES augmented with  |Xiao-Bin Tang, and Xiang |Mathematics with
error approximations Wang Applications
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Project 6: Research and Development of an Intelligent Unmanned
Surface Vehicle for Water Quality Monitoring

| Yong Yue

Technical field: Environmental Protection - Prevention and Remediation of Water Pollution

Programme category: Suzhou Science and Technology Development Planning Programme - Key
Industrial Technology Innovation - Prospective Applied Basic Research Project

Introduction: ‘Research and Development of an Intelligent Unmanned Surface Vehicle for Water Quality Monitoring’
(Project No.: SYG201837) is a forward-looking applied research project in Suzhou, which started and ended from July 2018 to
June 2020. Through the joint efforts of all members of the project team, according to the contents agreed in the Contract, many
achievements have been made in algorithm theory, system integration, software research and development, and the scheduled
objectives have been achieved. In this project, the issue that the traditional water environment monitoring technology based on
point source monitoring can't grasp the water quality status and pollution situation of the whole monitoring area in detail was
focused, and an intelligent unmanned water quality monitoring ship with autonomous cruise and obstacle avoidance capability
was developed. The research results can be applied to routine water quality monitoring and pollution emergency monitoring of
lakes and rivers, river depth and siltation investigation, river 3D model construction and other water environment related fields.

In this project, the unmanned ships with multi-parameter water quality monitoring sensors, GPS modules, sounders,

electronic compasses and 4G network systems was integrated, and full coverage water environment monitoring in monitoring
areas such as lakes and rivers by developing autonomous cruise and obstacle avoidance algorithms for unmanned ships was
realized. The research group developed cloud-based data acquisition and real-time communication programs and Android-
based ship control system APP in order to obtain water quality monitoring data in real time and master the status of unmanned
ships during cruising. Users can remotely control unmanned ships through mobile APP, plan cruise paths of unmanned ships,
start autonomous cruise of unmanned ships or manually operate unmanned ships to sail. The ship-borne real-time video, real-
time heading speed to user APP and other real-time transmission of data was also realized, which was convenient for users to
grasp the environmental conditions around unmanned ships and the navigation status of unmanned ships in time. Upon the two
years’ R&D, the research group has made a series of achievements in autonomous cruise and obstacle avoidance algorithm
of unmanned ships, obstacle detection based on steroscopic vision, laser radar and millimeter wave radar, remote real-time
control of unmanned ships, real-time transmission of water quality monitoring data and data visualization, and applied for
relevant patents and soft works. Currently, the technologies of unmanned ships for water quality monitoring are relatively
mature, and the primary work now includes:

1. Expanded the functions and application scope of unmanned ships, optimized the deployment of detection station
network, collected spatial data of water quality and water environment physical geomorphology in real time, analyzed
and integrated all kinds of data comprehensively and deeply, established a three-dimensional water environment
model with hierarchical visualization function according to application requirements, displayed various water quality
parameters, riverbed banks, siltation, flood discharge, water environment capacity and other characteristics accurately
and vividly, and provided new technical support for comprehensive water environment management.

2. Carried out special cooperation with Huawei and relevant Government Departments to conduct early warning and
detection of cyanobacteria in Jinji Lake and Dushu Lake scenic spots.

3. Cooperate with Jiangsu Zhongzhi Qicheng Intelligent Environmental Technology Co., Ltd. to speed up the
industrialization of unmanned ships.

Keywords: Intelligent Obstacle Avoidance Algorithm, Machine Steroscopic Vision, Water Quality Monitoring, Unmanned
Ship, Autonomous Cruise

Key issues solved:
1. By studying and comparing the obstacle detection accuracy, detection range and computational complexity of laser
radar, millimeter wave radar and binocular camera, the obstacle detection and obstacle avoidance algorithm based
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on laser radar and millimeter wave radar was developed, and by improving the angle potential field method and
integrating it with PID control method, the key issue of autonomous cruise and obstacle avoidance of unmanned ship in

complex environment was solved.

2. The recognition algorithm of aquatic plants based on machine vision was researched. By collecting a large number
of aquatic plant pictures and labeling them, the mask-r-cnn algorithm was trained to recognize aquatic plants and
floating objects on the river, which solved the issue that laser radar and millimeter wave radar cannot detect aquatic

plants and floating objects on the river.

3. By integrating unmanned ships with 4G communication and cloud computing, the functions of real-time collection,
transmission and display of water quality data, remote visual control of unmanned ships and real-time display of tracks
were realized; and the operation area of unmanned ships has been greatly improved through 4G communications.
The unmanned ship also supported the communication mode based on data transmission radio, which made it also

suitable for sparsely populated areas without 4G signals.

Research achievements:

(5) El A Comprehensive Survey and KBSHE , EEE  |Computing Conference 2020
Analysis on Path Planning
Algorithms and Heuristic Functions

(6) El 3D Modeling of Riverbeds Based on [#78LIR , 2RESHES [ICWIP 2020

NURBS Algorithm

1) Patents
No. Category [Status Patents Title Application no. Authorisation no. |Inventor(s)
(1) &BE e EFW @Kk EYET |CN201710288461.7 ZL201710288461.7 |&& | 4b%
M2 BirERE Ak ¥E |, K—H,
T
(2) & BB e EFWAEEOWIERZK  |CN201710523755.3 ZL201710523755.3 |&=E& | 5kbx
o A N = 53R SE AT AU 1 RE 5K
ik —5f , TR
(3) &R =i —METXOHAERHE [CN201910514788.0 &8, KR
NEAMRBEEEESE 1EE
(4) KB i3 —FTABRIEFI RS CN202010429881.4 = St
W, =it

2) Copyrights

No. |Status |[Category|Title Author(s) Application no. |Certificate no.
(1) |EZRE & TAKEEUAESEERS | A, KEES [20195R1106062

(2) |E3RE & HBEFHIRERD T ESR S5, KBRIES |20195R0195220

(3) |BFREN |3E TNIKERENARESI SKEEIER |8, KBRESE |2020R11L349189 5638691

WERS:

3) Publications (SCI, SCIE, SSCI. A&HCI. El only)

No. Category |Title Author(s) Journal Title Publication Date
(1) SClI Accuracy Control of Fiber Cable's  |5RBEHE , 8%  |Arabian Journal for Science|2019
Outer Diameter with Algorithms and Engineering
of Filtration, Prediction and PID
Controller
(2) SCl Designing an Optimized Water KbeHE , EEE |Water 2019
Quality Monitoring Network with
Reserved Monitoring Locations
(3) El 4G-based Remote Manual Control  |2RBEHE , &% |3rd International 2019
for Unmanned Surface Vehicles Conference on Computer
Science and Application
Engineering
(4) El An Improved APFM for Autonomous |4kEEiE , &8 |ICINCO 2019

Navigation and Obstacle Avoidance
of USVs.
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Project 7: Gaming Technologies for the Ageing Population

| Haining Liang

Programme category: Key Programme Special Fund (KSF) - Applied Technology
Research Programme

Introduction:

The aging population in China is growing rapidly. By 2019, there are about 170 million elderly people aged 65 and above in

China, accounting for 12.6% of the total population, and the population aged 60 and above has reached 250 million, accounting

for 18.1% of the total population, which is still growing exponentially. It is estimated that by 2050, the elderly population in China

will reach 400 million, accounting for 28.1% of the total population, while the population over 60 years old will reach 483 million,

accounting for 34.1% of the total population.

Currently, the game technology for the elderly and virtual reality head-mounted displays (VR HMDs] is scarce in game

software
reasons:
1.
2.

market of China. This project aimed to develop the application of game technology for the elderly in China for two main

Provide a variety of entertainment choices for the elderly and enrich their retirement life.

Encourage the elderly to maintain physical and mental health through physical exercise and lifelong learning activities.
A healthy and happy life for this group will bring many economic and social benefits, such as reducing the burden on
the medical system and creating a more harmonious and stable society. In addition, this project aimed to promote the
design, development and sales of such products.

In this project, the game technology development is based on VR HMDs, which is compatible with ordinary TV screens (more

than 30 inches is recommended). It is divided into the following two key products for this project:

1.

Virtual reality Tai Chi game. This game used virtual reality technology to create an immersive game experience. The
elderly can follow the Virtual Avatar of Tai Chi master to learn and practice Tai Chi. To increase the professionalism
of the game, the scoring system of Tai Chi virtual reality game scores based on the actions of Tai Chi master, and
users can watch the actions of Tai Chi masters in real time. To increase the interest of the game, users can choose
other landmark attractions as the background for practice, such as Shenzhen Plaza, San Francisco Bridge and Gym.
In addition, users can take screenshots and record screen games, communicate with friends, and make games a
connection point between social interaction and entertainment.

Virtual reality English learning games. This game is specially designed for the elderly who are eager to learn a new
language. The game used virtual avatars of well-known media people to teach how to pronounce, and users can
practice pronunciation of words for different projects. According to the language learning model, the system could
recognize the movements of mouth, lips and face, and provided guidance on how to correctly use the movements
of face and mouth to pronounce accurately. The system is accompanied by a speech mode for the elderly to train in
speech. In addition, the system also has a variety of built-in games for users to review their knowledge.

Keywords: Virtual Reality, Head-Mounted Display (HMD), Game Technology, Elderly People

Key issues solved:

1.

The issue of Tai Chi motion data capture was solved by using wearable motion capture technology based on inertial
measurement unit.

Through the user-centered design method, in this project, two text input methods were innovatively proposed: RingText
and BlinkText. This method solved the issue of efficient and friendly text input during text chat in virtual reality games.
In this project, the skeleton vector data sets of users and Tai Chi master combined with multi-dimensional dynamic
time warping technology to solve the issue of Tai Chi movement comparison.

In this project, by defining the maximum angle difference between two corresponding skeleton vectors as 90°, using
eight skeleton vectors comprehensively, and combining with multi-dimensional dynamic time warping technology, the
scoring system of Tai Chi action game was solved.

5. In this project, through the depth information recorded by depth sensor and combined with the data set based on point

cloud processing method, the issue of reading visual features of dynamic recording users was solved.

6. In this project, by converting user’s speech into Mel-Frequency Cepstral Coefficients [MFCCs), the issue of

pronunciation and intonation recognition through speech pattern was solved.

7. In this project, by using the user dynamic data model and dynamic time warping algorithm, the issue of establishing

the following reading accuracy scoring system based on the user mouth model was solved.

Research achievements:

1) Patents
No. Category [Status Patents Title Application no. Authorisation no. |Inventor(s)
(1) &BB Y —FhEEIUIAE PR ESTA  |CN201710580993.8 |ZL201710580993.8 [T, $ 2. [F
RIRHIE A RIBH RS B, =B
(2) & B3 £ —FESIFRE TESME  |CN201711005248.7 |ZL201711005248.7 |28, &g
FRESRT L 53R W, BEERE. 3K
18, Vijayakumar
Nanjappan (&ZEHERE
O/R EInE)
(3) KEA SCEH EILSLIRE FTETIUE [CN201810711539.6 2T GNEN
MR HIBRR SR AT A
(4) BB SCEH BFEsEInsLskazl [CN201810711473.0 Z2ET. RES. &
TR B AEA B
Fk
(5) BB SCER —MhEHL, 1EREEAI |CN201810890022.8 2T, REE. ®
SEL BEa A ENRBI A FI ., K&
eI
(6) & BB SCER —FhEEIINSEIA R T =4F |CN201810908468.9 ZgT . 3
JUaMR eI e 55 S
(7) &EA SCEH —FhEIISCIREE NI |CN201910423347.X 2T, EEK.
RRERNTTE Diego Vilela Monteiro
(F4)
8) h3: SCHE —ThENERESRERIE |CN201910662448.2 King-Tong Lau, Minde
FEMNE. 88ENT Zhu. Vijayakumar
FRERERY) Nanjappan, Hai-Ning
Liang
(9) &EA SCEH 3D REERIRMTGE. % [CN202010754321.6 BT FEMK,
&, RENEFENR Diego Vilela Monteiro
(Nd) | B
(100 |&RBA SCER —MEHEISCIME R E/R  |CN202010885890.4 2387 . Diego Vilela
BEMEOMKEMGE Monteiro (N'&) . &
mi% . IR
(11 | %88 SME BT BERETRIZERZE |[CN202011013551.3 28T E8H.
FIFE 52x (Martijn ten
Bhomer)
(12)  |kBB SUER THFEERNETT, 25, |CN202011013534.X 25T, EBH. =
k. RAZEIRE 55
2) Copyrights
No. [Status |Category Title Author(s) Application no. Certificate no.
(1) |\ & VRSVT =4I iR [BRE 2019SR0177081 3597838
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3) Publications (SCI. SCIE, SSCI, A&HCI. El only)

(12)

El

VirusBoxing: A HIIT-based VR Boxing
Game

Wenge Xu, Hai-Ning Liang,
Xiaoyue Ma, Xiang Li

Extended Abstracts
of the 2020 Annual
Symposium on
Computer-Human
Interaction in Play
(CHI PLAY * 20 EA)

2020

(13)

El

Exploration of Hands-free Text Entry
Techniques For Virtual Reality

Xueshi Lu, Difeng Yu, Hai-
Ning Liang, Wenge Xu,
Yuzheng Chen, Xiang Li,
Khalad Hasan

IEEE International
Symposium

on Mixed and
Augmented Reality
(ISMAR’ 20)

2020

No. Category |Title Author(s) Journal Title Publication Date
(1) SCIE Results and Guidelines From a Wenge Xu, Hai-Ning Liang, |JMIR Serious 2020
Repeated-Measures Within-Subjects|Qiuyu He, Xiang Li, Kangyou|Games, 8(3), e17972.
Experiment Comparing Standing Yu, Yuzheng Chen
and Seated Full-body Gesture-Based
Immersive Virtual Reality Exergames
(2) SCI BioMove: Biometric User [lesanmi Olade, Charles Sensors 2020, 20, 2020
Identification from Human Fleming, Hai-Ning Liang  |paper #2944.
Kinesiological Movements for Virtual
Reality Systems
(3) SCI Health Benefits of Digital Wenge Xu, Hai-Ning Liang, |Games for Health {2020
Videogames for the Aging Nilufar Baghaei, Bing Wu  [Journal, 9(6), 16
Population: A Systematic Review Berberich, Yong Yue pages.
(4) SCI Studying the Effect of Display Wenge Xu, Hai-Ning Liang, |Games for Health {2020
Type and Viewing Perspective on Zeying Zhang, Nilufar Journal, 9(4), 10
User Experience in Virtual Reality Baghaei pages.
Exergames
(5) SCI Modeling Endpoint Distribution of Difeng Yu, Hai-Ning Liang, |ACM Transactions {2019
Pointing Selection Tasks in Virtual ~ [Xueshi Lu, Kaixuan Fan, on Graphics
Reality Environments Barrett Ens 38(6), Article 218.
Presented at
SIGGRAPH Asia'19,
Brisbane, Australia.
(6) SCI Design and Evaluation of Techniques [Difeng Yu, Hai-Ning Liang, |IEEE Transactions |2019
for Visualizing Off-Screen and Kaixuan Fan, Heng Zhang, |on Visualization and
Occluded Targets in Virtual Reality  |Charles Fleming, and Computer Graphics.
Environments Konstantinos Papangelis
(7) SCI RingText: Dwell-free and hands-free [Wenge Xu, Hai-Ning Liang, |IEEE Transactions |2019
Text Entry for Mobile Head-Mounted |Yuxuan Zhao, Tianyu Zhang,|on Visualizations
Displays using Head Motions Difeng Yu, Diego Monteiro, |and Computer
and Yong Yue Graphics, 25(5),
1991-2001.
(8) SCI Design of Interactions for Handheld |[Vijayakumar Nanjappan, |Applied Sciences 9 |2020
Augmented Reality Devices Using  [Rongkai Shi, Hai-Ning (15), 3177.
Wearable Smart Textiles: Findings  [Liang, Haoru Xiao, Kim
from a User Elicitation Study Lau, Khalad Hasan
(9) SCI Evaluating the Effects of Hai-Ning Liang, Feiyu Lu, |Future Generation |2018
Collaboration and Competition Yuwei Shi, Vijayakumar Computer Systems.
in Navigation Tasks and Spatial Nanjappan, Konstantinos |Elsevier
Knowledge Acquisition within Virtual |Papangelis.
Reality Environments
(10) SCI Evaluating Enjoyment, Presence, Diego Monteiro, Hai-Ning  |Journal Computer {2018
and Emulator Sickness in VR Games [Liang, Wenge Xu, Marvin  |Animation & Virtual
Based on First- and Third-Person Brucker, Vijayakumar Worlds (CAVW],
Viewing Perspectives Nanjappan and Yong Yue  |volume 29, Issue
3-4,e1830, 12
pages. John Wiley
Press.
(11) SCI Infrared Motion Detection and Keyu Chen, Hai-Ning Liang,|Journal Computer {2018
Electromyographic Gesture Yong Yue and Paul Craig.  [Animation & Virtual
Recognition for Navigating 3D Worlds (CAVW),
Environments volume 29, Issue
3-4,€1829, 12
pages. John Wiley
Press.
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1.National Projects

Project 1: Analysis of Energy Deadband and Operating Modes in the
Bidirectional DC-DC Converter with Multi-Phase-Shift Modulation

| Huiqing Wen

Application code: E070602 (Department of Engineering and Material Sciences)

Programme category: National Natural Science Foundation of China (NSFC) - Young Scientist Fund

Technical fields: Energy Storage Power Conversion System

Introduction: In this research project, we explored the efficiency optimization design of bidirectional DC converter in energy

storage field, applied multi-phase shift modulation to suppress the disadvantages of traditional single phase shift modulation;

analyzed the influence of dead area, tube voltage drop and other non-ideal factors, and established an accurate power flow

model and verifies it by experiments; analyzed the working characteristics of different sub-modes of multi-phase shift

modulation, proposed the optimal working mode based on output power segmentation, and proposed the solution algorithm of

phase shift combination pair; in view of the disadvantages of time domain analysis, the subject started from frequency analysis,

established a unified reactive power mathematical model, and solved the optimal phase shift variable group based on thousand

Lagrange multiplier algorithm; based on the characteristics of reactive current distribution, a converter efficiency optimization

algorithm based on minimum reactive power loss was proposed, this algorithm can not only take into account the effective value

of inductor current, reactive power, soft switching and other optimization objectives, but also naturally include the influence of

tube voltage drop and other non-ideal factors. The specific research work includes the following four aspects:

1.

Multi-phase shift modulation control strategy and optimal working mode analysis: In view of the defects of single phase
shift control, including high return power and soft switching loss under light load, the project team members analyzed
the return power, soft switching and efficiency under multi-phase shift modulation, established the corresponding
mathematical model, and built an experimental platform for detailed experimental research.

Based on harmonic analysis, a general reactive power model is established, and three-level phase-shift modulation
is used to suppress reactive power to improve efficiency. Members of the research group establish a general reactive
power mathematical model based on frequency harmonic series analysis method, and propose a three-level general
phase-shift modulation strategy to suppress reactive power.

Analysis of dead area, tube voltage drop and other non-ideal factors and establishment of power flow model: dead area,
tube voltage drop and other non-ideal factors have great influence on the operation performance of DAB converter,
especially when the input voltage is low. Thus, the research group analyzed the influence of dead area, tube voltage
drop and other main non-ideal factors, modified the traditional power flow model, improved the accuracy of the model
and guided the design of DAB converter to improve the efficiency.

The efficiency optimization method of converter based on minimum reactive power loss was proposed: Different
optimization objectives, such as peak current, RMS current, reactive power, soft switching and return power, can be
adopted for the efficiency optimization of converter. Basically, the previous optimization started from one aspect, and
it often failed to take into account other optimization objectives and the effect was effective. Starting from the return
power distribution, the research group proposed an efficiency optimization method based on minimum reactive power
loss, which can not only take into account different optimization objectives, but also take into account the influence of
tube voltage drop and other non-ideal factors.

Keywords: Three-Level Phase Shift Modulation, Reactive Power Suppression, Dead Area Effect, Minimum Return Power

Loss.

Research achievements:

1) Patents

No. Category |Status|Patents Title Application no. |Authorisation no. |Inventor(s)

(1) BB TR [ —FEFR/NTININRENE R |CN201510246621.2.|7L201510246621.2. |30hES
EERMA X

(2) &BA TR |—FEER AR RIS — |CN201510249008.6.(ZL201510249008.6. |SH85
BEEsEE

(3) =L B |—MEFIEARBF BN RS |CN201510246582.6.ZL201510246582.6. STHEE
TEHEGMNTEE

(4) =)z B | WEDSHERTHRIENMAIRE 7% {CN201910410567.9 ZL201910410567.9 | NKE . SUES

2) Publications (SCI, SCIE, SSCI, A&HCI, EI only)

No. Category|Title Author(s) Journal Title Publication Date
(1) SCIE Minimize Reactive Power Losses of |Wen, Huiging; Su, Bin Journal of Electrical 2017.3
Dual Active Bridge Converters using Engineering &
Unified Dual Phase Shift Control Technology
(2) SCIE Hybrid-mode interleaved boost Wen, Huiging; Su, Bin Energy Conversion and |2016.8.15
converter design for fuel cell electric Management
vehicles
(3) SCIE Operating modes and practical Wen, Huiging; Su, Bin Energy Conversion and {2016.3.1
power flow analysis of bidirectional Management
isolated power interface for
distributed power systems
(4) SCIE Reactive Power and Soft—switching |Huiging Wen; Bin Su Journal of Power 2015.1.18
Capability Analysis of Dual-Active- Electronics
Bridge DC-DC Converter with Dual-
Phase-Shift Control Journal of
Power Electronics
(5) SCIE Hybrid Control and Protection Xu, Xiaotong; Wen, JOURNAL OF POWER [2017.5
Scheme for Inverter Dominated Huiging; Jiang, Lin; Hu, ELECTRONICS
Microgrids Yihua
(6) SCIE Minimum-Current-Stress Boundary |Haochen Shi;Huiging |IEEE Transactions on  |2020.8
Control Using Multiple-Phase-Shift |Wen;Zhenyan Cao;Yihua |Industrial Electronics
based Switching Surfaces Hu;Lin Jiang
(7) SCIE Minimum-Current-Stress Scheme  [Yi Wang;Huiqing IEEE Transactions 2021.4
of Three-Level Dual Active Bridge  |Wen;Yinxiao Zhu;Haochen |on Transportation
DC-DC Converters with the Particle [Shi;Qinglei Bu;Yihua Electrification
Swarm Optimization Hu;Yong Yang
(8) SCIE Fault Diagnosis and Tolerant Control |Huiging Wen;Jinglin |IEEE Transactions 2020.12
of Dual-Active-Bridge Converter Li;Haochen Shi;Yihua on Transportation
With Triple-Phase Shift Control for  [Hu;Yong Yang Electrification
Bidirectional EV Charging Systems
(9) SCIE Robust LMI-LQR Control for Dual-  |Peizhou Xia;Haochen |EEE Transactions 2020.2
Active-Bridge DC-DC Converters Shi;Huiging Wen;Qinglei  |on Transportation
With High Parameter Uncertainties [Bu;Yihua Hu;Yong Yang Electrification
(10] SCIE Efficiency Optimization of DC Solid- [Haochen Shi;Huiging IEEE Transactions on  [2019.5
State Transformer for Photovoltaic  |Wen;Yihua Hu;Yong Industrial Electronics
Power Systems Yang;Yiwang Wang
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Project 2: Research on Spin and Mechanical Coupling Effects

| Hao Yu

Application code: A040208 (Department of Mathematical and Physical Sciences)

Programme category: National Natural Science Foundation of China [NSFC) - Young Scientists Fund

Introduction: This project is based on the research of the coupling effect of spin and mechanical rotation or stress. LLG
equation, kinematics equation and boundary conditions, spin-stress tensor coupling Hamiltonian, spin lattice Monte Carlo
simulation and other calculations are used to explore the microscopic mechanism and macroscopic dynamic process of
mechanical coupling effect, and establish the physical image of spin-magnetization-mechanical coupling. It provides physical
basis and theoretical basis for developing a new type of spin flow detection, generation and control device. The main research
results include:

1. Stress research of the spin valve component based on the spin transfer torque effect, the stress of nano-spin valve was
researched.

2. Research on the velocity law of domain wall motion driven by spin-polarized current, the functional dependence of the
velocity of domain wall on current density and temperature was obtained, which successfully explained the previous
experimental results.

3. Research on hysteresis loop dynamics of nano-magnet or spin system based on LLG equation, the energy dissipation
and dispersion relation of hysteresis loop and the dynamic evolution law of loop were calculated.

4. Design of submicron/nano rotating motor based on spin transfer torque effect, a micro rotating machine based on spin
flow was given.

5. Research on brain cognition and capacity of a brain model based on lattice matrix, the proportion of brain capacity with
the best cognitive success rate was obtained. Development of this project is of great significance to enhance the means
of spin control and develop a new generation of spintronics devices.

Keywords: Spintronics, Angular Momentum Coupling, Spin and Mechanical Rotation, Magnetization Dynamics

Research achievements:

1) Patents
No. Category |Status|Patents Title Application no. Authorisation no. |Inventor(s)
(1) L] B | BHERA BB RIREI AWK / BIARE [CN201510639455.2  |ZL201510639455.2 | F R
FIEIE
(2) SCRHTEY | | BT ERERUAOYC B E R T CN201520770161.9  |ZL201520770161.9 |[F=

=l

2) Publications (SCI, SCIE, SSCI, A&HCI, Elonly)

No. Category (Title Author(s) Journal Title |Publication Date

(1) SCI Nonlinear dynamics of magnetization|Yuan Hui, Zheng Yang, Hao Yu*|AIP Advances |2021.01
evolution in orthogonal spin torque
devices: Phases and classification.

3) Others

(1) THEERRZESHLNE (HKRUMKERNTEHESHARSEMST) (BK2012637) &Ik 10 7,

7S EE S5 7T, 2013-2015.
(2) FMNDHREIHIRE (SRYEERMANHIG ERRRERRATR)
J3ILEL 4 57T, 2013-2015.

(SYG201304) tHikx 8 AT, it
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Project 3: Dielectric Relaxation and Frequency Dependence of Hf02
Doped by Lanthanide Elements

| Cezhou Zhao

Application code: F040601 (Department of Information Sciences)

Programme category: National Natural Science Foundation of China [NSFC) - General Programme

Introduction: Doped hafnium oxide is a newly discovered gate oxide dielectric with higher dielectric constant. In this project,

its application in 22nm integrated circuit technology was researched. Objectives of this research are: On the basis of existing

research, the dielectric constant of doped hafnium oxide can be increased to over 40 by inhibiting the dielectric relaxation of

doped hafnium oxide. For this purpose, the following six aspects were researched in this project:

1. Consideration of extrinsic dispersion and extraction of k value.

Mathematical and physical models of dielectric relaxation of doped Hafnium oxide.

Influence of growth conditions and annealing conditions on dielectric relaxation of doped Hafnium oxide.
Influence of grain size on dielectric relaxation.

Mechanism and control of dielectric relaxation.

oW

In order to analyze the reliability of lanthanide hafnium oxide dielectric, a method for measuring leakage current and
flat band voltage drift of dielectric film was established.
In addition, the influence of dipole moment formed by oxygen vacancy and electron trap on dielectric relaxation was also

researched.

Keywords: 22nm Technology, Doped Hafnium Oxide, Dielectric Constant, Dielectric Relaxation, High-k Medium

Research achievements:

1) Patents
No. Category [Status|Patents Title Application no. |Authorisation no. |Inventor(s)
(1) SCAHE | |—MoRRBaEnNEERE% |CN201120545871.3 |ZL.201120545871.3  |RiR , B/\FE
R R
(2) SCRAIEREY | |BKod | - V 5Bkt C - VEEASEH BB |[CN201020676494.2 |ZL201020676494.2  |ER/NFE | XS
TH NEXKE B=x
(3) BB S |BKod | -V 5Bk C - VESIRSEEE [CN201010602838.X [ZL201010602838.X  |ER/NFE , XM ,
MERENSE B=x
(4) SCAHFE |1 |BOMSLRIZNE FHERESEHEEIN [CN201120536047.1 |ZL201120536047.1  |#XSRMN; =&Y,
T =2xEE BINE
(5] BB TR B SR N B BB ESE BTN |[CN201110429047.6 [ZL201110429047.6  |[#XEEMN,; EE,
=EREREGE B/NFE

2) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. |Category [Title Author(s) Journal Title Publication Date
(1] [sclI Dielectric relaxation of La - doped |C. Z. Zhao, M. Werner, S. [Nanoscale Research Letters|2011

zirconia caused by annealing Taylor, P. R. Chalker, A. C.

ambient Jones, and Chun Zhao

(2) |SCI Extrinsic and intrinsic frequency |Jing Tao, Ce Zhou Materials 2012
dispersion of high - k materials  |Zhao, Chun Zhao, P.
in capacitance - voltage Taechakumput, M.
measurements Werner, S. Taylor, P.R.
Chalker
(3] |SCI Thermal Stability of Neodymium |P. Taechakumput, C. Journal of Nanomaterials {2012
Aluminates high - k dielectric Z.Zhao, S. Taylor, M.
deposited by Liquid Injection Werner, P. R. Chalker, J.
MOCVD using single source M. Gaskell, H. C. Aspinall,
Heterometallic Alkoxide A. C. Jones, and Susu
precursors Chen
(4) |SCI Dielectric Relaxation of Chun Zhao, Ce Zhou Journal of Nanomaterials 2012
Lanthanide - based Ternary Zhao, Jing Tao, Matthew
Oxides: Physical and Mathematical|Werner, Steve Taylor and
Models Paul R. Chalker
(5) |SCI Advanced CMOS Gate Stack: Chun Zhao, Ce Zhou ISRN Nanotechnology 2012
Present Research Progress Zhao, Matthew Werner,
Steve Taylor and Paul R.
Chalker
(6) |SCIE A review of recent progress in Zhou Fang, Qiu Yu Chen, |Optics & Laser Technology |2013
lasers on silicon Ce Zhou Zhao
(7) |SCIE Achievements and Challenges of |Zhou Fang, Xiaochen International Journal of 2011
CdTe Solar Cells Wang, H. C. Wu, and C. Z. |Photoenergy
Zhao
(8) |El A Novel Technique for Arthmetric [Chun Zhao, Ce Zhou Advanced Materials 2012
Elements Standard Cell Library  |Zhao, Bin Da Research
Establishment Based on Tanner
Tools
(9) |EI Dielectric Relaxation of Ce Zhou Zhao, J. Tao, |EEE ICSICT - 2012, the 11th{2012.10.29-
Lanthanide - based Ternary Chun Zhao, M. Werner, S.|International Conference on (2012.11.01
Oxides Taylor, and P. R. Chalker |Solid - State and Integrated
Circuit Technology
(10) |EI Dielectric Relaxation Model in Peng Fei Wang, Chun |EEE ICSICT - 2012, the 11th{2012.10.29-
High - k Materials: Simplified Zhao, Ce Zhou Zhao, and [International Conference on (2012.11.01
Kohlrausch - Williams - Watts  |Gang Liu Solid - State and Integrated
Function Circuit Technology
(11) |EI Standard Cell Library Chun Zhao, W. Zhang, C. |International SoC Design 2011.11.17-
Establishment and Simulation Z. Zhao, K. L. Man, J. Ma, |Conference (ISOCC) 2011.11.18
for Scan D Flip - Flops based on  |T. T. Jeong and J. K. Seon
0.5 Micron CMOS Mixed Signal
Process
(12) |EI Performance - Effective Chun Zhao, W. Pan, C. Z. |International SoC Design 2011.11.17-
Compaction of Standard Cell Zhao, K. L. Man, J. Choi, J.|Conference (ISOCC) 2011.11.18

Library for Edge - triggered
Latches Utilizing 0.5 Micron
Technology

Chang

73



74

Project 4: Research on the Converter Topology and Optimization of
Coordinated Control for DC Microgrid with Energy Storage Devices

| Huiging Wen

Programme category: State Key Laboratory of New Energy Power System [North China
Electric Power University)

Introduction: DC micro-grid system includes three parts: solar energy, wind energy and other distributed generation units,
batteries, supercapacitors and other energy storage components, and power converter interface. Based on the typical structure
and operation analysis of DC micro-grid, mathematical models of photovoltaic cells, bidirectional DC converters and batteries
were established, and the photovoltaic access topology of DC micro-grid converters was analyzed, the efficiency optimization
method of converters based on reactive power loss was researched, and the maximum power point tracking (MPPT) control
strategy based on 3 parameters was studied to improve dynamic response speed and reduce static error. Control of DC micro-
grid system is divided into millisecond converter control, second DC bus control and hour overall energy scheduling control.
Specifically, the battery is controlled by voltage subsection droop, and each converter can automatically switch its working mode
only through bus voltage without additional communication network, and the power flow characteristics of different modes
and the mode switching criteria were studied. According to the complementary characteristics of energy and power density of
battery and supercapacitor, the battery was designed to absorb low-frequency power pulsation. Supercapacitor absorbs high
frequency power pulsation. Moreover, the self-adaptive droop control based on charge state was used to realize the balance of
battery power distribution. In order to improve the life of energy storage elements, the maximum charge and discharge current
was researched in this project.

Keywords: DC Micro-Grid, Adaptive Droop Control, Collaborative Control, Power Conversion, Efficiency Optimization

Research achievements:

1) Publications (SCI. SCIE. SSCI. A&HCI, EIl only)

No. Category|Title Author(s) Journal Title Publication Date

(1) SCI An Improved MPPT Method for PV [Xingshuo li, Huiging Wen,  |IEEE Transactions on|2016.08
system with Fast-Converging Speed |Lin Jiang, Weidong Xiao,  |Industry Applications
and Zero Oscillation Yang Du, Chenhao Zhao

(2) SCI An Improved Beta Method with Xingshuo Li, Huiging |IEEE Transactions on|2016.06
Auto-scaling Factor for Photovoltaic |Wen, Lin Jiang, Yihua Hu, |Industry Applications
system Chenhao Zhao

(3) SCI Hybrid-mode interleaved boost Huiging Wen, Bin Su Energy Conversion  [2016.08
converter design for fuel cell electric and Management
vehicles

(4) SCI Synchronous buck converter based [Hengyang Luo, Huiging Energy Conversion {2016.10
low-cost and high-efficiency sub- Wen, Xingshuo Li, Lin and Management
module DMPPT PV system under Jiang, Yihua Hu
partial shading conditions

(5) SCI Minimize Reactive Power Losses of |Wen, H. & Su, B. Journal of Electrical |2016.12
Dual Active Bridge Converters using Engineering &
Unified Dual Phase Shift Control Technology

(6) El A fuzzy logic controller with beta Xingshuo Li, Huiging Wen |IPEMC 2016 2016.5
parameter for maximum power point
tracking of Photovoltaic systems

(7) El Distributed MPPT control under Hengyang Luo, Huiging IPEMC 2016 2016.5
partial shading condition Wen, Xingshuo Li

(8) El Shadowing effect on the power Sonia Veerapen, Huiging  [IPEMC 2016 2016.5
output of a photovoltaic panel Wen

(9) El Perturbation Optimization of Yang Du, Xingshuo Li, COMPEL 2015 2015.6
Maximum Power Point Tracking of  |Huiging Wen, Weidong Xiao
Photovoltaic Power Systems Based
on Practical Solar Irradiance Data

(10) El Design and evaluation of a solar Haiyan Xu, Huiging Wen, G 2015 2015.10

based single inductor multiple
outputs LED lighting

Xingshuo Li
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Project 5: Topology of AC Miorogriol and Coordinated Control
| Huiging Wen

Programme category: State Key Laboratory of Electrical Insulation of Power Equipment
(Xi’an Jiaotong University)

Introduction: The cooperative control mechanism of AC micro-grid system was established on different time scales, and the
corresponding simulation and experimental platforms were built to research the operation modes of converters in AC micro-grid
under wind speed or load changes, power grid faults and other different working conditions. Specifically, based on the topology
of AC micro-grid system, in this project, the simulation model of photovoltaic cell was established, the topology and decoupling
method of micro-inverter were analyzed, and quasi-PR control was researched to realize grid connection without static
error, the optimization method of converter efficiency based on reactive power loss was studied to solve the problem that the
transmission disturbance observation method cannot ensure both steady-state accuracy and tracking time, the maximum power
point tracking (MPPT) control strategy based on B parameters was put forward to improve dynamic response speed and reduce
static error. The droop control principle of AC micro-grid was researched, the mathematical model of voltage source micro-
grid inverter was derived, the voltage and current closed-loop control system was designed, the control and parameter design
method of power loop were researched, the factors that affect the analysis of active power and reactive power when multiple
inverters were connected in parallel and in isolated island mode were analyzed, the imbalance of parallel commutation and
power distribution was reduced by correcting the traditional droop control method by compensating the voltage drop of the line,
the grid-connected pre-synchronization was designed to reduce the grid-connected impulse current and to realize the smooth
switching between the grid-connected and islanding modes of the micro-grid inverter. The voltage and frequency reference
values were also introduced to keep the output power of the inverter constant, thus realizing the constant power control when
the inverter was connected to the grid.

Keywords: AC Micro-Grid, Droop Control, Power Conversion, Inverter Grid Connection

Research achievements:

1) Publications (SCI. SCIE. SSCI. A&HCI, El only)

No. Category [Title Author(s) Journal Title Publication Date

(1) SCI An Improved MPPT Method for PV [Xingshuo li, Huiging Wen,  |IEEE Transactions on [2016.08
system with Fast-Converging Speed |Lin Jiang, Weidong Xiao,  |Industry Applications
and Zero Oscillation Yang Du, Chenhao Zhao

(2) SCI An Improved Beta Method with Xingshuo Li, Huiging IEEE Transactions on {2016.06
Auto-scaling Factor for Photovoltaic |Wen, Lin Jiang, Yihua Hu, [Industry Applications
system Chenhao Zhao

(3) SCI Hybrid-mode interleaved boost Huiging Wen, Bin Su Energy Conversion  [2016.08
converter design for fuel cell electric and Management
vehicles

(4) SCI Synchronous buck converter based [Hengyang Luo, Huiging Energy Conversion  (2016.10

low-cost and high-efficiency sub- Wen, Xingshuo Li, Lin
module DMPPT PV system under Jiang, Yihua Hu
partial shading conditions

and Management

(5) SCI Minimize Reactive Power Losses of |Wen, H. & Su, B. Journal of Electrical [2016.12
Dual Active Bridge Converters using Engineering &
Unified Dual Phase Shift Control Technology

2.Provincial Projects

Project 1: Dynamic Adaptive Streaming over HTTP for Multi-View
Video Using Multiple Servers

| Jimin Xiao
Technical fields: Electronic Information

Programme category: Jiangsu Science and Technology Programme - Basic Research
Plan (Natural Science Foundation) - Young-Scholar Programme

Introduction: Multi-view video is popular with users because of its excellent viewing experience. According to the request
of users, the demand of interactive multi-view video stream providing seamless view switching is also increasing. However, it
is a challenging task to provide stable and high-quality multi-view video through streaming, which must allow real-time scene
switching under the limited bandwidth. In this project, the research group proposed a seamless multi-view video system assisted
by Convolutional Neural Networks (ConvNet] to meet the challenge. The proposed method solves this problem from the two
perspectives. First, a ConvNet-assisted multi-view video representation method is proposed, which provides flexible interactivity
without affecting the compression efficiency of multi-view video. Second, the research group developed a network bandwidth
allocation mechanism guided by viewpoint switching model to provide seamless view switching and adapt to network bandwidth
fluctuations. These two modules worked closely together to provide users with an optimized viewing experience. They can be
integrated into any existing multi-view video streaming framework to improve the overall performance.

Considering the user’s behavior of viewpoint switching in streaming transmission, the research group designed a new
streaming cache framework to improve the user’s experience of multi-view video streaming on DASH. The research group
introduced multi-view switching rules to prefetch the possible switching viewpoints in order to eliminate the delay of viewpoint
switching. Aiming at the introduced rules, an optimal bit rate allocation scheme was proposed to allow clients to maximize the
video quality. In addition, we find that video quality and playback jamming probability are conflict factors under this framework,
and both of them are essential for user’s Quality of Experience (QoE). This project has solved the contradiction between them
properly. The experimental results proved the effectiveness of the method in seamless multi-view flow.

Keywords: Dynamic Adaptive Streaming over HTTP (DASH), Quality of Experience (QoE)

Key issues solved:

1. The contradictions between the flexibility of video view transmission and redundancy mining in multi-view video
transmission were solved. The flexibility of view transmission and high multi-view compression ratio distortion
performance were also realized.

2. The cache problem of multi-view video in DASH transmission was solved. According to the current network situation
and user’s view switching habits, the calculation method of the optimal cache size is proposed to obtain the optimal
user’s ' Quality of Experience (QoE).

Research achievements:

1) Patents

No. Category [Status|Patents Title Application no. Authorisation no. |Inventor(s)

(1) KB B |EFEmERnE BaNFEENREESE |CN201510535760.7 |ZL201510535760.7 |ZRBE, BR(E,

755k ISl
(2) &R R | —METFEGMIENZ ISR {CN201510686764.5 |ZL201510686764.5 |BXREE, =iz,
Bk 7Y
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2) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. Category |Title Author(s) Journal Title Publication Date
(1) SCI Convolutional Neural Network for Li YU, Tammam TILLO, [IEEE Transactionson (2018
Intermediate View Enhancement in  |Jimin XIAO, Marco Multimedia
Multiview Streaming GRANGETTO
(2) SCI Cooperative Bargaining Based Multi |Hui Yuan, Xuekai Wei, IEEE Transactions on  |2018
user Bit Allocation for Dynamic Fuzheng Yang, Jimin Multimedia
Adaptive Streaming over HTTP Xiao, Sam Kwong
(3) SCI Texture plus Depth Video Coding Fei CHENG, Tammam |IEEE Transactionson 2017
Using Camera Global Motion TILLO, Jimin XIAQ, Multimedia
Information Byeungwoo Jeon
(4) SCI QoE-driven Dynamic Adaptive Video |LiYu, Tammam TILLO, |IEEE Transactionson (2017
Streaming Strategy with Future Jim in XIAO Broadcasting
Information
(5) SCI End-to-End Distortion-Based Hui Yuan, Huayong Fu, |IEEE Transactionson |2017
Multiuser Bandwidth Allocation for |Ju Liu, Jimin Xiao Broadcasting
Real-Time Video Transmission Over
LTE Network
(6) SCI Depth Map Down-Sampling and Chao YAOQ, Jimin XIAO, [IEEE Transactionson |2016
Coding Based on Synthesized View |Tammam TILLO, Yao Multimedia
Distortion ZHAQ, Chunyu LIN,
Huihui BAI
(7) SCI Siamese Network Ensemble for Chenru Jiang, Jimin Neurocomputing 2018
Visual Tracking Xiao, Yanchun Xie,
Tammam Tillo, Kaizhu
Huang
(8) SCI An Effective CU Size Decision Method|Xiaoni Li, Mianshu Chen, |ltimedia Tools and 2017
for Quality Scalability in SHVC Zhaowei Qu, Jimin Xiao, |Applications
Moncef Gabbouj
(9) SCI Multiview video plus depth Zhi JIN, Tammam TILLO, |EURASIP Journal 2016
transmission via virtual-view- Jimin XIAQ, Yao ZHAO on Image and Video
assisted complementary down/up- Processing
sampling
(10) El 30 Video Super-Resolution Using Yanchun Xie, Jimin Xiao, [IEEE International 2016
Fully Convolutional Neural Networks|Tammam Tillo, Yunchao [Conference on
Wei, Yao Zhao Multimedia and Expo
2016 (ICME)

Project 2: Novel Numerical and Computational Techniques for
Remote Densor Based Monitoring of Water Quality

| Yong Yue

Technical fields: Electronic Information - Sensor Networks - Intelligent Sensing and Processing

Programme category: Jiangsu Science and Technology Programme - Basic Research Plan
(Natural Science Foundation) - General Programme

Introduction: Based on the three optimization objectives of meeting management needs, reducing costs and improving
monitoring efficiency, this research carries out study on the multi-objective optimization theory and method of water
environment monitoring network. Considering the factors of tidal sediment, pollution detection time, pollution detection success
rate, the importance of monitoring points and special management needs, the algorithm of multi-objective optimal deployment
of water environment monitoring network and water quality data analysis is researched. The main research contents are as
follows:

1. Aiming at the water environment of rivers with different flow directions at different times affected by tides, the multi-
objective optimal deployment of monitoring network under two-way flow based on particle swarm optimization is
researched. The experimental results indicate that the optimal deployment scheme of monitoring network for two-way
flow is significantly different from that for one-way river, and the multi-objective particle swarm optimization can obtain
better Pareto frontier than genetic algorithm.

2. In practical application, it is often necessary to set up some special monitoring points to meet specific management
needs. Thus, considering the multi-objective optimization deployment of water environment monitoring network under
pre-selected monitoring points, and taking the minimum pollution detection time, the maximum pollution detection
probability and the maximum monitoring point centrality as the optimization objectives, the particle swarm optimization
is improved to achieve the final optimization result, which can not only include these special monitoring points, but also
meet the three optimization objectives. The experimental results indicate that the final optimization scheme can ensure
that the optimal Pareto frontier can be obtained on the basis of including all pre-selected monitoring points.

3. The noise data processing method based on double time windows is researched, which filters the noise data collected
by water quality monitoring network and improved the accuracy of the data.

4. Combining sensors with mobile communication networks, a prototype system of water quality monitoring based on
wireless sensor network was developed. Solar energy and rechargeable battery technology were used to provide
long-term electric energy for wireless sensor nodes, and 4G network is used to improve data transmission speed and
reliability. Corresponding software and hardware systems are developed and integrated to realize remote real-time
monitoring of river water environment, and the method of locating pollution sources by using sensor node location and
pollution events is researched.

5. In order to further reduce the cost of water environment monitoring and improve the coverage of water environment
monitoring, the research group combined monitoring sensors with unmanned ship technology, and developed
unmanned water environment monitoring ships and achieved the initial results.

Keywords: Graph Theory, Particle Swarm Optimization, Optimal Deployment of Nodes, Automatic Analysis and Location of
Pollution Sources

Key issues solved:

1. The optimal deployment algorithm of water quality monitoring network solved the key problem of multi-objective
optimization in the deployment of water quality monitoring network. The monitoring network can be quantitatively
analyzed, and the average pollution detection time and the success rate of pollution detection under different
optimization schemes can be accurately calculated. It can not only be evaluated and optimized by the existing water
quality monitoring network, but also provide an optimized deployment scheme for the follow-up water quality
monitoring network construction.
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2. The pollution source location algorithm solved the problem of quickly locating the pollution location when the pollution

event is detected by the monitoring network, and won time for handling the pollution event in a timely manner.

3. Wind energy and solar energy complementary power supply scheme provided reliable power supply for long-term

stable operation of wireless sensor monitoring points, and solved the problem of independent power supply for field

monitoring

points.

Research achievements:

1) Patents
No. Category |Status|Patents Title Application no. Authorisation no. |Inventor(s)
(1) B3 B | BT EE ORI ESNIIZES [CN201710523755.3 (ZL201710523755.3 |&& . KRERHE.
IESCRIAE N 755% KE . SK—HT.
S5
(2) 32 B [ BEFR@KRAKERENMEZ BRI |CN201710288461.7 |ZL201710288461.7 &5 . RERHE.
wE*E k—#. EB
(3) ABE HE |[KESRY BMETIWEE CN201710505488.7 &5 RIRE,
X% , BEEE | 1|
832, tBJKHS
2) Copyrights
No. [Status |Category |Title Author(s) Application no. Certificate no.
(1 ks | KRR S5 RINMER (EE. KBEE. XL 2017SR406022 1991306
ER
(2) [3k1s |EE THERKERENGHEER |BE5. £FRE. 2F 2017SR480896 2066180
B
3) Publications (SCI, SCIE, SSCI. A&HCI, El only)
No. Category |Title Author(s) Journal Title Publication Date
(1) SCI Optimum Water Quality Monitoring|Zhu, X., Yue, Y., Wong, P. [International Journal of ({2018
Network Design for Bidirectional |IV,, Zhang, Y., & Tan, J. |Environmental Research
River Systems & Public Health
(2) El Designing an Unmanned Zhu, X., Yue, Y., et al. Innovative Computing 2018.8
Surface Vehicle for Water Quality Technology (INTECH],
Monitoring 2018 Eighth International
Conference
(3) El Designing an Optimal Water Zhu, X., Yue, Y., Zhang, V.,|International Conference |[2017.10
Quality Monitoring Network Wong, P. IV., & Tan, J. on Intelligence Science
(4) El A Dynamic Data Visualization for |Chen X, Zhu X, Yue Y, et |Seventh International 2017.7
Water Quality Monitoring Network |al. Symposium on Computers
& Informatics(ISCI2017)
(5) El A real -time anomaly detection Zhang, J., Zhu, X,, Yue, Y.,|Seventh International 2017.8
algorithm for water quality data  |& Wong, P. IV. Conference on Innovative
using dual time-moving windows Computing Technologies
(INTECH 2017)
(6) El Novel numerical and Zhu, X., Yue, Y., Wong, P, |IEEE International 2016.5
computational techniques for Zhang, Y., & Meng, J. Conference of Online
remote sensor based monitoring Analysis and Computing
of freshwater quality Science

Project 3: Detect Positioning Error in Wireless Networks

| Dawei Liu

Technical fields: Electronic Information - Sensor Networks - Intelligent Sensing and Processing

Programme category: Jiangsu Science and Technology Programme - Basic Research Plan
(Natural Science Foundation) - Young-scholar Programme

Introduction: With the wide application of wireless positioning technology, the security of wireless positioning system has
been paid more and more attention. The main security threat faced by wireless positioning system comes from positioning
spoofing by malicious users. In 2003, the US Department of Transportation reported that GPS civil signals can be forged, and
the forged GPS signals may lead to abnormal positioning results, and even cause complete paralysis of GPS functions in a
certain area. In recent years, numerous researches have begun to focus on the security issues in wireless positioning, and the
main research directions include the ways to find abnormal positioning results caused by malicious users and to eliminate such
anomalies.

Another reason for abnormal positioning results is the NLOS propagation of wireless signals. The positioning error of CDMA
system can reach 589m in NLOS environment, while the general error is only tens of meters. There are similar problems in
other positioning system, such as the wireless sensor network positioning and wireless local area network positioning. Thus,
the way to detect NLOS propagation and to eliminate its influence has always been one of the hot spots in research of Wireless
Positioning System.

In this project, a set of abnormal error detection mechanism is designed through the research of positioning spoofing signal
and NLOS signal, which solves the issue of positioning spoofing identification in NLOS environment. The project was carried out
strictly according to the plan, with 10 papers published, 1 invention patent applied, 4 graduate students trained and all technical
indicators completed. The research results provided theoretical basis and technical support for abnormal error detection
and identification of wireless positioning, and provided a basis for relevant Departments to develop the industry standards,
regulations and policies.

Keywords: Wireless Positioning, Location Security, NLOS Propagation

Key issues solved:

1. The problems were found out by detecting the positioning error on the periphery of convex hull. Traditional consistency
analysis can not effectively act on the convex hull of wireless positioning nodes. It means that the alternatives must be
found. On the one hand, the alternatives designed by us can find any positioning errors on the periphery of convex hull,
on the other hand, it will not introduce new failure problems.

2. Fingerprint acquisition method based on user data. It is the basis of establishing a perfect fingerprint database to
discover those safe and reliable users in unknown areas, measure their wireless signals and calculate the degree of
NLOS propagation. By analyzing the similarity of adjacent users, we solved the problem of the way to find those safe
users from a small number of users.

3. Implementation of distributed authentication technology for positioning spoofing. We focused on solving the security
problem of distributed protocols. On the basis of traditional research, combined with the unique geometric constraints

of wireless location, we designed a set of secure and reliable authentication methods.

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. Category |Title Author(s) Journal Title Publication Date

(1) El An Improved |IEEE 802.15.6 Password|X. Huang, D. Liu, et al |IEEE/CIC | CCC 2015 2015
Authenticated Association Protocol Symposium on Selected

Topics in Communications
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(2) El Analysis of Location Spoofing WeiY, Liu D. International Conference (2015
Identification in Cellular Networks on Mobile, Secure and
Programmable Networking
(3) El Identifying malicious attacks to Liu D. 2014 |IEEE MiSeNet 2014
wireless localization in bad channel
conditions
(4) El Linear programming algorithms for |Xu K, Liu H, Liu D, et {2016 IEEE International 2016
sensor networks node localization  |al. Conference on Consumer
Electronics (ICCE)
(5) El Dynamic Sensor Selection in MaY, Hou F, Ma5, IEEE Vehicular Technology |2016
Heterogeneous Sensor Network andD. Liu. Conference (VTC Spring)
(6) El Wi-Fi Access Point Roaming: L. Wang, Y. Zhao, D.  |18th IEEE International 2015
Challenges and Potential Solutions |Afolabi, D, Liu. Conference on Network-
Based Information Systems
(NBiS)
(7) El A Role-Based Access Control System|N. Xue, C. Jiang, International Conference |2017
for Intelligent Buildings X.Huang and D. Liu  |on Network and System
Security
(8] El MuVi: Multi-view Video Aware Z.Chen, X. Zhang, et |IEEE Transactions on 2017
Transmission over Ml MO Wireless |al Multimedia, accepted to
Systems appear
(9) El Temporal Coherence-Based C. Qiao, RWH. Lau, et [IEEE Transactions on 2017
Deblurring Using Non-Uniform al Image Processing
Motion Optimization
(10) El Identification of Location Spoofing in |Dawei Liu IEEE Transactions on 2017

Wireless Sensor Networks in Non-
Line-of-Sight Conditions

Industrial Informatics

Project 4: Development of Novel Substrates for Single Molecule
Conductance Measurement

| LiYang

Technical fields: Electronic Information - Information Functional Materials and Devices -
Microelectronic Materials and Devices

Programme category: Jiangsu Science and Technology Programme - Basic Research
Plan (Natural Science Foundation) - Young-scholar Programme

Introduction: In this research, a metrological method for characterizing the electrical transport of new non-gold substrates
(ITO, graphene, doped diamond-like carbon films or other conductive materials) was developed. By exploring the interaction
between the new substrate and the terminal groups of molecular lines, the influence of the new electrode on the electrical
properties of molecular junctions was established. Interface chemistry was used to control the arrangement among band edge,
surface state and electronic state of molecular bridge chain so as to obtain effective control of new molecular junctions on nano
scale, support the development of new and emerging electronic devices, and enhance the potential of measuring electrical
transport in complex molecules.

The project is dedicated to developing new substrates for single molecular electronic devices, including indium tin oxide
(ITO), graphene, doped diamond-like carbon films and substrates prepared by atomic layer deposition (ALD). Develop the
functional terminal chemical groups that can match the monomolecular junctions formed by the new substrates, and the
rectifier molecular junctions are obtained by controlling the interfacial chemistry. Provide the design principle of new substrate-
molecule-metal molecule junction, and master the repeatable and accurate electron transport measurement method and
electron transport mechanism at single molecule level.

Through the implementation of this project, there are a series of complete preparation processes of high-quality graphene
substrate materials with independent intellectual property rights, and establish the relationship between process parameter
optimization and graphene conductive film performance. The research team already has the complete experimental conditions
for in-situ construction of single molecular junctions and measurement of charge transport of asymmetric molecular junctions,
and theoretically simulates the influence of band structure between terminal groups of molecular lines and substrates on
charge transport at semiconductor-molecule interface, which can realize molecular junctions controlled by molecular line
length and anchoring groups.

Keywords: Single Molecule Conductivity, Scanning Tunneling Microscope, New Substrates

Key issues solved: In this project, a series of complete preparation processes of high-quality graphene substrate materials
with independent intellectual property rights was developed, and the relationship between process parameter optimization
and graphene conductive film performance was established. The project demonstrated that graphene can be used to replace
metal as electrode material, and established complete experimental conditions for in-situ construction of single molecular
junctions and measurement of charge transport of asymmetric molecular junctions. For the reliable measurement of electrical
characteristics of single molecule junction, the corresponding gold/molecule/graphene asymmetric molecular junction was
constructed and the conductance of single molecule was measured. The charge transport mechanism of the new molecular
junction was mastered, and the influence of band structure between the terminal group of molecular line and the substrate
on the charge transport at the semiconductor-molecule interface was simulated theoretically so that the molecular junction
controlled by the length of molecular line and anchoring group could be realized.
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Research achievements:

1) Patent
No. Category |Status|Patents Title Application no. Authorisation no. (Inventor(s)
(1) & B |BEREEBRERSFHIERNE [CN201610145493.7 |ZL201610145493.7 (154 , 3k , X
PFRENTE "t FETRE
RN BE-f
sl
2) Publications (SCI, SCIE, SSCI, A&HCI. EIl only)
No. Category |Title Author(s) Journal Title Publication Date
(1) SCI Optically probing the interaction Weitao Su, Long Jin, [Optical and Quantum 2017
between monolayer MoS2 and Dexuan Huo, LiYang [Electronics
single-wall carbon nanotube
(2) SCI Graphene as a promising electrode |Qian Zhang, Longlong [Nano Letters 2016
for low-current attenuation in Liu, Shuhui Tao,
nonsymmetric molecular junctions [Congyi Wang, Cezhou
Zhao, Cesar Gonzalez,
Yannick J. Dappe,
Richard J. Nichols, Li
Yang
(3] SCI Charge transport through Longlong Liu, Qian Nanoscale 2016
dicarboxylic-acid-terminated Zhang, Shuhui Tao,
alkanes bound to graphene-gold Cezhou Zhao, Eman
nanogap electrodes Almutib, Qusiy Al-
Galiby, Steve Bailey,
Colin J. Lambert, Jun
Du, Li Yang
(4) SCI Oxygen passivation in Weitao Su, Long Jin, [Physical Chemistry 2016
photoluminescence enhancement of |Xiaodan Qu, Dexuan |Chemical Physics
rhombic monolayer MoS2 Hou, Li Yang
(5) SCI Tuning photoluminescence of single-|Weitao Su, Hong Lei  |RSC Advance 2015
layer MoS2 using H202 Dou, Jinwei Li, Dexuan
Huo, Ning Dai, Li Yang
(6) SCI Enhancing photoluminescence of Weitao Su, Hong Lei  |Chemical Physics Letters |2015

Trion in Single layer MoS2 using
p-type aromatic molecules

Dou, Dexuan Huo,
Weijie Song, Ning Dai,
Li Yang

Project 5: Total lonizing Dose Effects in La-Based Ternary High-k
Gate Dielectrics

| Cezhou Zhao

Technical field: Manufacturing Technology of New Generation Military Integrated Circuit
and Aerospace Integrated Circuit

Programme category: Jiangsu Science and Technology Programme - Basic Research
Plan (Natural Science Foundation) - General Programme

Introduction: The current situations at home and abroad are as follows:

1. The research on radiation response mechanism of high-k media under X-ray or gamma-ray radiation environment
focuses on the research group of Professor Fleetwood and Professor Schrimpf of Vanderbilt University and Professor
Lucovsky of North Carolina State University. They researched the over-radiation response mechanism of Al203, Zr02,
Hf02 and other [49-59] high-k dielectric materials with physical thickness greater than 4nm.

2. There are few reports on radiation response and over-radiation response of lanthanide doped Zr02 (such as LaZr02,
lanthanide doped Hf02 (such as CeHf02) and other new high-k media.

3. There are few reports on leakage current and reliability of ultra-thin high-k media under X-ray or gamma-ray radiation
environment.

The characteristics and innovations of this project are as follows:

1. The mechanism of defects in LaZr02, CeHfO2 and other new high-k media during irradiation was researched.

2. The defect generation mechanism of LaZr02, CeHf02 and other new high-k medium after radiation was researched.

3. Radiation-induced leakage currents and reliability of ultra-thin LaZrO2, CeHf02 and other new high-k media were
researched.

4. The radiation hardening process and annealing conditions of LaZr02, CeHf0O2 and other new high-k media were
researched.

Key issues solved:

1. Characterization of x-ray and gamma-ray radiation responses
2. Radiation response mechanism of a new high k medium

3. Radiation damage mechanism of ultra-thin high-k medium

4. Radiation reinforcement technology of high-k medium

Research achievements:

1) Patents
No. Category [Status|Patents Title Application no. |Authorisation no.|Inventor(s)
(1) SLAFE [ |—F PN &N BEIEOENERSR CN201520179615.5{2L201520179615.5 |2 =58 , #XEEM |
TR =S
(2) SRR (B | —MESARGERSBEINNLES CN201520179612.1|ZL201520179612.1 | 258 , #XEEM |
TR =S
(3) KB B |—Fh PN SR BERE5ENE 55 F % [CN201510140554.6|ZL201510140554.6 | R4S |, EXEEM

XU =6

85



2) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. Category |Title Author(s) Journal Title Publication Date
(1) SCI Real time and on-site r-ray Yifei Mu, Ce Zhou Zhao, |Nuclear Inst. and 2016.4
radiation response testing system [Chun Zhao, Yanfei Qi, Methods in Physics
for semiconductor devices and its |Yutao Cai, Ivona Z. Research
applications Mitrovic, Stephen Taylor,
Paul R. Chalker
(2) SCI Electrical property and interfacial |ACCEPTED TO BE Materials 2015
study of HfxTi1-x02 high PUBLISHED
permittivity gate insulators
deposited on germanium
substrates
(3) SCI Review on Non-Volatile Memory  [Chun Zhao, Ce Zhou Materials 2014
with High-k Dielectrics: Flash for [Zhao, Stephen Taylor and
Generation Beyond 32 nm Paul R. Chalker
(4) SClI Hysteresis in Lanthanide Chun Zhao, Ce Zhou Materials 2014
Aluminum Oxides Observed by Zhao, Qifeng Lu, Xiaoyi
Fast Pulse CV Measurement Yan, Stephen Taylor and
Paul R. Chalker
(5) SCI Hysteresis in Lanthanide Qifeng Lu, Chun Zhao, Materials 2015
Zirconium Oxides Observed Yifei Mu, Ce Zhou Zhao,
Using a Pulse CV Technique Stephen Taylor and Paul
and including the Effect of High R. Chalker
Temperature Annealing
(6) SCI Dielectric relaxation of high-k Chun Zhao, Ce Zhou Nanoscale Research 2013
oxides Zhao, Matthew Werner, |Letters
Steve Taylor and Paul
Chalker
(7) SCI Dielectric Relaxation in Lanthanide|Ce Zhou Zhao, Stephen |Advanced Materials 2014
Doped/Based Oxides Used for Taylor, Chun Zhao, and  |Research
High-k Layers Paul R. Chalker
(8) El Radiation Response Analyzer of Mu Yifei, Zhao Cezhou, |IEEE 20th International |2013.7
Semiconductor Dies Su Shengmao, Zhao Yue, [Symposium on the
Ivona Mitrovic, Stephen  |Physical and Failure
Taylor and Paul Chalker |Analysis of Integrated
Circuits
(9) El IMPACT OF CERIUM OXIDE’ S Chun Zhao, Ce Zhou IEEE 20th International [2013.7
GRAIN SIZE FOR DIELECTRIC Zhao, Matthew Werner, [Symposium on the
RELAXATION Steve Taylor, Paul Physical and Failure
Chalker and Peter King |Analysis of Integrated
Circuits
(10) El Radiation response of high-k Ce Zhou Zhao, Yifei Mu, |THE 3rd 2013.1
oxides based on an on-site and Stephen Taylor, and Paul |[INTERNATIONAL
real-time measurement R. Chalker CONFERENCE ON
THE ADVANCEMENT
OF MATERIALS AND
NANOTECHNOLOGY
(11) El Radiation Tolerant DC Yifei Mu, Sang Lam, IEEE 11th Conference  |2015.6.1-2015.6.4
Characteristics of InAs/GaAs Cezhou Zhao, N. on Electron Devices and
Quantum-Dot Diodes Babazadeh, Richard Solid-State Circuits
A. Hogg, K. Nishi, K.
Takemasa, and M
Sugawara
(12) El A Semi-Automated Real-Time Yifei Mu, Yanfei Qi, Sang [IEEE 12th International |2015.7.16-
Gamma Radiation Response Lam, and Cezhou Zhao [Conference on 2015.7.19
Measurement System for Electronic Measurement
Semiconductor Device & Instruments
Characterisation
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Project 6: Transfer Efficiency Improvement with GaN HEMT for the
Wireless Power Transmission System

| Wen Liu

Programme category: The Natural Science Foundation of the Jiangsu Higher Education
Institutions of China - General Programme

Introduction: For the wireless charging technology of electric vehicles, a circuit system based on the third generation wide
band gap semiconductor material Gallium Nitride (GaN] power electronic device was proposed, and the influence of device
parameters and different circuit topologies on electromagnetic resonant wireless charging efficiency was researched and
expounded. The high switching speed and high breakdown voltage of GaN devices were used to improve the power transmission
efficiency, and a wireless charging prototype with an output power of 1TkW was realized. The highest efficiency of the whole
machine was over 85%, and the wireless charging distance was over 15cm.

The main contents of the project include: 1. The transmission efficiency and physical size problems of electromagnetic
resonant wireless charging circuit were solved through GaN devices. Compared with traditional silicon devices, GaN devices
have higher withstand voltage, faster switching speed and higher working frequency. 2. A suitable electromagnetic resonant coil
is designed for magnetic resonance. The influence of various parameters including winding mode on resonant frequency was
researched and determined; self-inductance, equivalent coil resistance, radiation resistance and other factors were researched
quantitatively, and the effects of magnetic shielding devices were compared. 3. The prototype of wireless charging system for
electric vehicles was realized, and the influence of different loads on charging efficiency was researched.

Keywords: GaN, WPT, Wireless Charging

Key issues solved:

1. Practical research contents and key technologies

The application of GaN devices to improve the transmission efficiency of wireless power was researched in this project. For

wireless charging technology for electric vehicles, a circuit system based on the third generation wide band gap semiconductor
material Gallium Nitride (GaN] power electronic device was proposed, and the system model was realized initially, the effects
of various device parameters and circuit topology on the transmission efficiency/output power of wireless charging system for
electromagnetic resonance electric vehicle were studied and clarified, and the high switching speed of GaN devices was used
to improve the power transmission efficiency. Through theoretical analysis, modeling calculation and simulation, the hardware
design of the whole system including power transmitter and receiver was completed, of which, the changing relationship
between transmission efficiency, maximum output power and transmission distance, resonant frequency, load and other
parameters were studied through MATLAB and Saber simulation. It was found that the quality factor was positively correlated
with the transmission efficiency, but increasing the quality factor will increase the capacitance stress and limit the power output
of the system; and the stress of each element could be reduced by increasing the coupling coefficient of the coil.

The main contents of the project include:

i.  The transmission efficiency and physical size problems of electromagnetic resonant wireless charging circuit were
solved through GaN devices. Compared with traditional silicon devices, GaN devices have higher withstand voltage,
faster switching speed and higher working frequency.

i. A suitable electromagnetic resonant coil was designed for magnetic resonance. Various parameters, including the
influence of winding mode on resonant frequency, was researched and determined, and self-inductance, equivalent
coil resistance, coupling coefficient and other factors were researched quantitatively.

iii. The wireless charging system was initiallyrealized, and the influence of different loads on charging efficiency was
researched, including the stability of the system under load disturbance, jumping and other situations.

2. Project innovation

Through theoretical analysis, calculation and circuit simulation, the hardware design of the whole system including power

transmitter and receiver was completed. The circuit parameters were commissioned foroptimal transmission efficiency, and the
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electromagnetic resonance circuit coil design was researched and achieved. For system hardware boards:

Finally, the control relationship between transmission efficiency and various parameters and the influence of different

Isolated MOSFET driving circuit was designed.

Device and line layout was optimized to reduce loss and signal attenuation and increase system stability.

The loss caused by the driving circuit was reduced by integrating the driving circuit.

resonant compensation topologies on transmission efficiency were researched.

Research achievements:

1) Patents

No. Category |Status|Patents Title Application no. Inventor(s)

(1) B i |RATBIEIRAREE CN202010272734.0 | E&iE , ME , GoKE , XEM

(2) BB g | TR RS L SRS ERRMIEE |CN201710527475.X  |FNmI% , BoKSF , XM , 22258

FERYTE
2) Publications (SCI, SCIE, SSCI. A&HCI, El only)

No. Category |Title Author(s) Journal Title Publication Date

(1) El High Efficiency WPT System for Yuan Li, Yuhao Zhu, Wen IFEEC 2020 02 B 27
Electric Vehicles with LCL-S and SS  |Liu, Yongsheng Zhu, Yi Pei, H
compensation Huiging Wen, Cezhou Zhao,

(2) El A full GaN-Integrated Sawtooth Xueteng Li, Miao Cui, Wen |ICICDT 20192 08 B 08
Generator based on Enhancement- |Liu H
mode AlGaN/GaN MIS-HEMT for
GaN Power Converters

(3) SCI Monolithic GaN Half-Bridge Stages [MIAO CUI, RUIZE SUN, |EEE Access 20194 08 B 08
With Integrated Gate Drivers for QINGLEI BU, WEN LIU, H
High Temperature DC-DC Buck HUIQING WEN, ANG LI,
Converters YUNG C. LIANG, CEZHOU

ZHAO

(4) El The Impact of AlGaN Barrier on Bohan Lu, Miao Cui, Wen |ICICDT 2019 12 B 09
Transient VTH Shifts and VTH Liu H
Hysteresis in Depletion and
Enhancement mode AlGaN/GaN
MIS-HEMTs

Project 7: Nonlinear Compensation Techniques for Micro-Positioning
Stage Driven by Piezoelectric Actuators

| Min Chen

Programme category: The Natural Science Foundation of the Jiangsu Higher Education
Institutions of China - General Programme

Introduction: Precision fretting platform has important applications in microelectronics engineering, optical precision
engineering, high-precision manufacturing system, nano-science and technology and other fields. Actuator and transmission
mechanism are the two important factors that determine the accuracy of fretting platform. For the current research, few
coupling considers the compensation between the nonlinearity of fretting platform structure and the nonlinearity of piezoelectric
driving materials. To improve the positioning and transmission accuracy of precision fretting platform and the reliability of
compliant mechanism, finite element method was applied in this project to optimize the flexible hinge structure of micro
platform so as to weaken the piezoelectric hysteresis nonlinearity. Stability analysis was conducted to the flexible hinge to ensure
the fatigue reliability of the structure in order to obtain a longer service life. Finally, it was further verified by experiments. The
optimized platform structure was obtained through research, and displacement output was implemented more accurately.

Key issues solved:

1) Nonlinear compensation modeling of piezoelectric intelligent thin-walled structure

To provide a more accurate model for the design and application of piezoelectric smart structures, based on the assumption
of first-order shear deformation and the consideration of the nonlinear constitutive relation of piezoelectric materials and
various geometric nonlinear theories (including von Karman nonlinearity, medium rotation angle nonlinearity and large rotation
angle nonlinearity), the geometrically nonlinear finite element model of piezoelectric smart thin-walled structure under strong
actuating voltage was established, and the correctness and accuracy of the model were verified by the experimental data in the
literature.

2] Lower limit analysis of stability of flexible hinge:

Relying on the finite element method and mathematical programming, a stability lower limit numerical analysis model was
established for flexible hinge structure to solve stability load so as to ensure that the structure is in fatigue safety area. According
to the limit and shakedown theorem, the limit and shakedown analysis was finally reduced to a mathematical programming
for solving the maximum (lower limit of shakedown) and minimum (upper limit of shakedown) values. For shakedown analysis,
before the development of large-scale optimization algorithms and software, the key was to construct a suitable residual stress
field and deal with nonlinear yield conditions. The residual stress field was established by using stress function method and finite
element method, and the 8-node non-conforming element was adopted in order to meet the accuracy and reduce the scale of
mathematical programming.

3) Fatigue reliability optimization design of piezoelectric fretting platform

In the optimization design of the platform, the mathematical formula of flexible hinge width b and the mathematical formula
of fretting platform thickness d were taken as optimization parameters, and the mathematical formula of maximum von Mises
equivalent stress o, was taken as the goal. With the typical piezoelectric fretting platform as the research object, the static and
dynamic models were established, and then the fatigue reliability was calculated based on the stress-strength model. When
the life of models was 5x10%6, the reliability could be up to 99.9999%. Considering the interaction between platform and flexible
hinge, response surface methodology was used to optimize multi-scale parameters.

Research achievements:

1) Patents
No. Category |Status|Patents Title Application no. |Authorisation no. |Inventor(s)
(1) &BB TR | BT S TR SR AT MESE |CN201810020947.7 |21L.201810020947.7 RS, 2AK , 3K
iR, 5
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2) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No.

Category

Title

Author(s)

Journal Title

Publication Date

(1)

SCI

Modeling techniques for active shape
and vibration control of macro-fiber
composite laminated structures.

Zhang SQ, Chen M, Zhao G
Z, etal

Smart Structures &
Systems

2017

Project 8: Spectroscopy Study of Two-Dimensional Electron Gas in
AlInN/GaN Heterojunction

| Changcheng Zheng

Programme category: The Natural Science Foundation of the Jiangsu Higher Education
Institutions of China - General Programme

Introduction:

The research object of this project was lattice-matched AlInN/AIN/GaN heterojunction. This project focused on the basic

spectroscopic properties of AinN/AIN/GaN heterojunction, including:

1.

By measuring and analyzing the photoluminescence spectrum and time-resolved spectrum of AlInN/AIN/GaN
heterojunction at low temperature and variable temperature and comparing with the spectrum results of GaN, the
luminescence characteristics related to two-dimensional electron gas were researched, including two-dimensional
electron gas and hole recombination mechanism, photo-generated carrier migration between GaN and two-
dimensional electron gas, influence of two-dimensional electron gas on exciton radiation recombination process in
GaN, exciton formation and recombination dynamics, electron/exciton-phonon interaction mechanism and other
physical processes. Moreover, the evolution of Photoluminescence Spectroscopy of gallium nitride with temperature is
a relatively complex process. At low temperature, the emission spectral lines of gallium nitride in exciton region were
the bound exciton emission peaks and phonon sidebands. With the increase of temperature, the bound exciton will
gradually break away from the binding center and become a free exciton, which will enhance the luminescence related
to the free exciton. The emission peak of the bound exciton and its phonon sidebands gradually disappear, and the
phonon sidebands of the free exciton gradually increases. With the further increase of temperature, the contribution
of phonon becomes more obvious. The evolution of these emission peaks with temperature is very important to
determine their physical mechanism. Through time-resolved Photoluminescence Spectroscopy measurement, the
characteristic time information of exciton energy levels, their phonon sidebands and the generation and recombination
process of two-dimensional electron gas and holes could be obtained, along withthe rising speed, falling speed and
mechanism of each energy level (single exponential process, double exponential process or other complex processes).
These information obtained from time-resolvedspectra was helpful to further research the recombination mechanism
and dynamic process of excitons in two-dimensional electron gas and gallium nitride as well as the exciton-phonon
interaction mechanism.

By measuring, comparing and analyzing the Raman spectra of AllnN/GaN heterojunction and GaN materials at room
temperature and variable temperature, the phonon vibration modes of each component in AllnN/GaN heterojunction
and their evolution with temperature were researched. Because the coefficient of thermal expansion of AlinN and GaN
(as well as the coefficient of thermal expansion of sapphire] are different, the temperature change may be of great
significance in the related applications of AliInN/GaN heterojunction and similar materials.

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. Category |Title Author(s) Journal Title Publication Date
(1) SCI Band-gap engineering of porous Liu, R., Ren, J., Zhao, Inorganic Chemistry 2017.10

BiV04 nanoshuttles by Fe and D., Ning, J., Zhang, Z., |Frontiers

Mo co-doping for efficient Wang, Y., Zhong, Y.,

photocatalytic water oxidation Zheng, C., & Hu, Y.
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(2) SCI Development of Modulation Qizhu Li, Xu Wang, ACS Photonics 2017.12
p- Doped 1310 nm InAs/GaAs Ziyang Zhang, Hongmei
Quantum Dot Laser Materials and |Chen, Yuanging Huang,
Ultrashort Cavity Fabry-Perot and |Chuncai Hou, Jie Wang,
Distributed-Feedback Laser Diodes |Ruiying Zhang, Jigiang
Ning, Jiahua Min, and
Changcheng Zheng
(3) SCI Electrospinning preparation of Jiabin Ren, Dian Journal of Alloys and ~ 12018.6

Sn4+-doped BiFe03 nanofibers
as efficient visible-light-driven
photocatalyst for 02 evolution

Zhao, Huanhuan Liu,
Yijun Zhong, Jigiang
Ning, Ziyang Zhang,
Changcheng Zheng,
Yong Hu

Compounds

3. Municipal Projects

Project 1: Au-Free Ohmic Contact and CMOS Thin Film Technology
for GaN HEMT Devices

| Wen Liu

Technical fields: Advanced Manufacturing and Automation - Micro-Fabrication System Technology

Programme category: Suzhou Science and Technology Development Planning Programme -
Key Industrial Technology Innovation - Prospective Applied Basic Research Project

Introduction: The operating principle of GaN high electron mobility transistor (GaN HEMT] is based on the built-
in polarization electric field generated by the piezoelectric effect and the spontaneous polarization effect of AlGaN/GaN
heterojunction, the high concentration two-dimensional electron gas is generated at the AlGaN/GaN interface to form a
conductive channel. The most common way to realize enhanced gallium nitride HEMT is to use the groove enhanced structure,
which is formed by etching the gate region to thin the AlGaN barrier layer above the two-dimensional electron gas. However, the
threshold voltage realized by this method is too low (generally, it is less than 1V]. Thus, it is necessary to increase the dielectric
layer in order to increase the threshold voltage. Selection of dielectric layer is also very important. For example, there is a high
density interface state at the interface between dielectric layer and AlGaN barrier layer, and the on-resistance is large, which will
increase the threshold instability of the device and have a great impact on the switching efficiency of the device.

Gallium nitride semiconductor material has the advantages of wide band gap and high voltage withstand ability, which
has aroused great interest of researchers and can be widely used in electronic devices with high temperature, frequency and
power. At room temperature, with its 3.4Ev band gap, strong interatomic binding force, stable chemical properties, large critical
breakdown electric field, high saturated electron mobility and satisfying temperature resistance, it is widely used as a high-

frequency and high-power device.
Keywords: Metal-Free Process, Growth of Insulating Film, CMOS Process, Ohmic Contact, GaN

Key issues solved:

1. Development of GaN metal-free process; Au pollution during CMOS process could be controlled by metal-free
preocess. Titanium nitride is a commonly used metallized interconnection material in CMOS process because it has
better electrical conductivity, chemical stability, high hardness and high temperature characteristics, and after the
rapid annealing at high temperature, it can keep metal edges flat and ensure the reliability of HV devices. To realize
the CMOS compatible process in GaN device fabrication, the metal-free ohmic contact process was researched in this
project. Titanium nitride (TiN] was used as the protective layer of ohmic contact instead of metal, and the conventional
metal system containing Au was removed toreduce the on-resistance of the device, successfully keeping the on-
resistance within 150 milliohms.

2. Preparation technology of high quality insulated gate; advanced passivation gate dielectric was used to reduce interface
state; the mature LPCVD insulating film growth technology in CMOS was adopted, and the film quality was improved by
optimizing the growth conditions of gate dielectric and the treatment methods before gate dielectric growth. Through
further improving the interface state of semiconductor/dielectric layer, manufacturing fabricate high-quality insulated
gate dielectric, and reducing gate leakage current and frequency scattering, a gate voltage level of 650V was achieved
so that the device can be applied to conversion circuits with higher voltage and higher power.
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Research achievements:

1) Patents
No. Category |Status|Patents Title Application no. Inventor(s)
(1 & SCH | MRS AT SRS RUBEEALFE |CN201710527475.X, PN , 2oK3T &R , 22548
PERYTTIE
(2 |%B8 SR |—MERENAERTATERS CN201810545996.2 ILARAN, XISE , SR BF AR,
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@ %8 SIH |(@EEWEERAERELESE  |CN201811589966.8 (XISHS , B& , &Rl #H , £
==}
73
2) Publications (SCI, SCIE, SSCI, A&HCI, El only)
No. Category |Title Author(s) Journal Title Publication Date
(1) SCI Monolithic Integration Design of Miao Cui, Qinglei Bu, Japanese Journal of 2019
GaN-based Power Chip Including Yutao Cai, Wen Liu, Applied Physics.
Gate Driver for High-Temperature  |Huiging Wen, Cezhou
DC-DC Converters Zhao
(2) SCI Effect of Surface Treatment on Yutao Cai, Wen Liu, Miao | Japanese Journal of 12 March 2020,
Electrical Properties of GaN Metal  |Cui, Ruize Sun, Yung. Applied Physics, Vol 59,No,4
Insulator-Semiconductor Devices C Liang, Huiging Wen,
with Al203 Gate Dielectric Li Yang, Siti Supardan,
Ivona Z. Mitrovic, Stephen
Taylor, Paul R. Chalker
and Cezhou Zhao*,
(3) El Evaluations and Applications of GaN [Huiging Wen; Wen Liu;  |Proc. 14th IEEE ICSICT |2018.10.31-11.03
HEMTSs for Power Electronics, Cezhou Zhao
(4) El Characterization of Transient Miao Cui; Yutao Cai; Sang|Proc. 2018 IEEE 2018.6.6-2018.6.8
Threshold Voltage Shifts in Lam; Wen Liu et al International Conference
Enhancement- and Depletion- on Electron Devices
mode AlGaN/GaN Metal-Insulator- and Solid State Circuits
Semiconduct or (MIS)-HEMTs (EDSSC)
(5) El A full GaN-Integrated Sawtooth Xueteng Li, Miao Cui, and|the 17th IEEE 2019
Generator based on Enhancement- |Wen Liu international conference
mode AlGaN/GaN MIS-HEMT for on IC design and
GaN Power Converters technology (ICICDT),
Suzhou, China.
(6) El The impact of AlGaN barrier Bohan.Lu, Miao Cui, and | the 17th IEEE Jun. 17-19, 2019.

on transient VTH shifts and

VTH hysteresis in depletion and
enhancement mode AlGaN/GaN
MIS-HEMTs

Wen Liu*.

International Conference
on IC Design and
Technology (ICICDT),
Suzhou, China, Jun,17-

19,

Project 2: Multi-Domain Collective Classification Based on Deep
Neural Networks

| Kaizhu Huang

Technical fields: Electronic Information - Other

Programme category: Suzhou Science and Technology Development Planning Programme
- Key Industrial Technology Innovation - Prospective Applied Basic Research Project

Introduction: This project attempted to use the multi-domain overall pattern recognition method of deep learning to
carry out overall collaborative processing and recognition of data for domain problems. Compared with traditional methods,
our research did not classify and identify a single sample independently, but processed a group of samples with the same
characteristics as a whole and classified them simultaneously. For this project, we took full account of the complementary
characteristics between domains as well as the links between data within domains. Effective use of this information can be
expected to greatly improve the performance of pattern classification. This technology can be applied to many practical scenes
with overall data characteristics, such as character recognition, multi-pose face recognition, multi-accent speech recognition
and other important applications.

During the implementation of the project, we achieved the goal of the project well. Specifically, we used two different
deep learning networks to learn the overall features and classification features of data, and then combined the two networks
effectively, and proposed an efficient and high-precision training and optimization method. The depth network could effectively
utilize the overall characteristics of data and greatly improved the performance of pattern recognition. In addition, we also did
research on the application of other global recognition methods in various pattern classification. Excellent results have been
achieved during the implementation of the project. In the multi-pose face recognition standard database and multi-accent
recognition standard database, the recognition effect has reached the best effect on this data set at present, of which, the test
result of multi-pose face database was 100% (90% of the intended target), and the recognition rate of multi-accent recognition
standard database was 81.36% (80% of the intended target). We have published 11 international papers (4 for the intended
target), including 5 SCI index papers (2 for the intended target) and 6 El index papers (2 for the intended target), and actually
applied for 2 papers (2 for the intended target). In addition, we won the Best Candidate Paper Award at the 2017 International
Conference on Neural Information Processing and the Best Student Paper Award at the 2018 International Conference on Brain-
inspired Cognitive Systems.

Keywords: Deep Learning, Integral Recognition, Artificial Intelligence

Key issues solved:

1. We proposed a new recognition framework, which used two deep neural networks to learn the global characteristics
and category characteristics of data respectively and fused them effectively.

2. We proposed a new method inspired by deep learning, which combined style matrix and kernel method with a global
framework of global support vector machine.

3. We proposed a method to transform style samples by using the generator of confrontation network to identify them.

Research achievements:

1) Patents

No. Category |Status|Patents Title Application no. Inventor(s)

(1) KB BHE |BEFLSHERNXIEERFERGE CN201810683657.0  |&EFFT. LSl KRE

[

(2) KB ] BEFEBMERNP I IREIAE  [CN201811395481.5 | EREE . BT
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2) Publications (SCI, SCIE, SSCI, A&HCI, El only)

Project 3: Suzhou Municipal Key Laboratory of Cognitive Computation
and Applied Technology

| Kaizhu Huang

Technical fields: Electronic Information - Other

Programme category: Suzhou Science and Technology Development Planning Programme -
Technology Innovation Carrier Project - Key Discipline Laboratory

Introduction:

1. High performance intelligent computing

Research on the cognitive inspiration and understand massive information quickly and accurately; research on the cognitive
heuristic strategies and intelligent computing algorithms; research on the approximation, parallelism, scalability and distribution
of the algorithm; and design of a reusable research and development core algorithm platform.

2. Cognitive Machine Learning and Pattern Recognition

Research on the next generation machine learning method inspired by cognition, that is, multi-layer deep learning method
from the perspectives of theory, structure, algorithm and application with focus on theories and applications in cross-domain,
cross-media and overall recognition.

3. Massive multimedia information processing

Research on high-speed preservation, search, coding, extraction, matching and other key technologies; research on the
application of deep learning and sparse representation in multimedia information; and research on the correlation technology
among video, text, image and speech.

4. Typical new technology application research group

Research on integration technology and introduction of typical applications, such as mobile service system, distributed
smart grid design, medical and health assistance system, individual life recommendation system and intelligent monitoring.

Research achievements:

No. Category |Title Author(s) Journal Title Publication Date
(1) El Improve Deep Learning with KEF . BT, 3KEL . |2017 International 2017
Unsupervised Objective Amir Hussain Conference on Neural
Information Processing
(2) El Field Support Vector Regression  |3Ti&)11. &FT. 3K . |2017 International 2017
Amir Hussain Conference on Neural
Information Processing
(3) El Deep Mixtures of Factor Analyzers |#78&. &7, 3k§i%  [2017 International 2017
with Common Loadings: A Novel Conference on Neural
Deep Generative Approach to Information Processing
Clustering
(4) El Field Support Vector Machines  [ZIi&)Il. &FFT. 38t . [IEEE TRANSACTIONS |2017
Amir Hussain ON EMERGING TOPICS
IN COMPUTATIONAL
INTELLIGENCE
(5) El Style Neutralizati on Generative  |Ii&)Il. &FF1T. 5K#7 . |2018 International 2018
Adversarial Classifier Amir Hussain Conference on Brain
Inspired Cognitive
Systems
(6) El A review on multi-task metric #pimim. &\, Amir  |Big Data Analytics 2018
learning Hussain
(7) SCI Special Issue Editorial: Cognitively-|Z&FF1T. 3Kk§i. #r/J\VE . |Cognitive Computation |2018
Inspired Computing for Knowledge|Amir Hussain
Discovery
(8) SCI Three- Dimensional Local Summrin a Wajid, Amir  |Expert Systems With ~ |2018
Energy-Based Shape Histogram  |Hussain, &FF17 Applications
(3D-LESH]): A Novel Feature
Extraction Technique
(9) SCI A new two- layer mixture of factor |#38%. &, KEHZE  |Neurocomputing 2018
analyzers with joint factor loading
model for the classificati on of
small dataset problems
(10) SCI Approximately optimizing NDCG  [gf/\if . &I Information Sciences {2018
using pair-wise loss
(11) SCl Guided Policy Search for BEAFAY. EFFT. XUEE |IEEE TRANSACTIONS [2018
Sequential Multitask Learning &= ON CYBERNETICS:
SYSTEMS
3) Others
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No. Category [Status|Patents Title Application no. Certificate no./ |Inventor(s)
Authorisation no.
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INREZRTHITA &
(6) A& BB BHE |[—METFERIRTHRNAREHE |CN201711473047.X FEM., XWEE
AR MZE S K Tk
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(8) & BB HE |—METIHAEBHENTAME |CN201910514788.0 EE. RERES
FBETTE
(9) &= HE |REDRMRENEMDZIIRBTTE |CN201710123864.6 BT, 3KER.
BE, BEF
2) Copyrights
No. [Status |[Category Title Author(s) Application no. |Certificate no.
1 |#R (%= KRIEMPEHERESNESL |KE 2019SR0176801 |#REEF5E 3597558 5
(2] | |BE VRSVT =4t/ {IARIAMER A |FREE 2019SR0177081 |#EEF5E 3597838 =
[ [#ER|%E LASIK FABNRZS =5 2019SR0177448 |MREBFEE 3598205 5
3) Publications (SCI, SCIE. SSCI, A&HCI. EIl only)
No. Category |Title Author(s) Journal Title Publication
Date
(1) SCI Three-stage electric vehicle B. Han, S. Lu*, F. Xue, L. |IET Cyber-Physical 2017
scheduling considering stakeholders [Jiang, and X. Xu Systems: Theory &
economic inconsistency and battery Applications
degradation
(2) SCI Video Streaming Adaptation Strategy |Chao Yao, Jimin Xiao, Yao|lEEE Transactions on 2018
for Multiview Navigation over DASH |Zhao, Anlong Ming, Broadcasting
(3] SCI Visual aesthetic understanding: Chao Zhang, Ce Zhu, Signal Processing: 2018
sample-specific aesthetic Xun Xu, Yipeng Liu, Jimin|lmage Communications
classification and deep belief map  [Xiao, Tammam Tillo
visualization
(4) SCI Siamese Network Ensemble for Chenru Jiang, Jimin Xiao,|Neurocomputing 2018
Visual Tracking Yanchun Xie,Tammam
Tillo, Kaizhu Huang
(5) SCI Region-based multiple description  |Chunyu lin, Yao Zhao, |IEEE Transactions on 2018
coding for multiview video plus depth|Jimin Xiao, Tammam Multimedia
video, Tillo,
(6) SCI Zero-Shot Learning via Attribute Changzhi Luo, Meng |IEEE Transactions on 2018
Regression and Class Prototype Wang, Kaizhu Huang, Image Processing
Rectification Jiashi Feng,
(7) SCI Mining Concise Patterns on Graph- |D. Zhang, Y.-Q. Zhang, |Neurocomputing 2019
Connected ltemsets Qiang Niu and X. B. Qiu
(8) SCI Hierarchical Meta-learning in Time |David Afolabi, Sheng-  |Symmetry 2017
Series Forecasting for Improved Uei Guan, Ka Lok Man,
Interference-less machine learning |Prudence W.H. Wong,
Xuan Zhao
9] SCI Structural Evaluation for Distribution|F. Xue, Y. Xu, H. Zhu, Complexity 2017
Networks with Distributed S. Lu, T. Huang, and J.
Generation Based on Complex Zhang
Network
(10) SCI Interrelation of structure and F. Xue, E. Bompard, .  |Physica A: Statistical 2017
operational states in cascading Huang, L. Jiang, S. Lu, |Mechanics and its
failure of overloading lines in power |and H. Zhu, Applications,
grids
(11) SCI Guided Policy Search for Sequential |Fanzhou Xiong, Biao |IEEE Transactions 2018
Multi-Task Learning Sun, Xu Yang, Kaizhu on Systems Man and
Huang, Hong Qiao, Amir [Cybernetics-Systems
Hussain, Zhi-Yong Liu
(12) SCI Texture plus Depth Video Coding Fei CHENG, Tammam  |IEEE Transactions on 2017
Using Camera Global Motion TILLO, Jimin XIAO, Multimedia
Information Byeungwoo Jeon
(13) SCI Reducing and Stretching Deep Guogiang Zhong, Cognitive Computation 2018
Convolutional Activation Features for |Shoujun Yan, Kaizhu
Accurate Image Classification Huang, Junyu Dong

(14) SCI Bidirectional flyback based isolated- |Guanying Chu, Huiging [Solar Energy 2017
port submodule differential power  |Wen, Lin Jiang, Yihua
processing optimizer for photovoltaic|Hu, Xingshuo Li
applications

(15) SCI Cooperative Bargaining Based Hui Yuan, Xuekai Wei, IEEE Transactions on 2018
Multiuser Bit Allocation for Dynamic |Fuzheng Yang, Jimin Multimedia
Adaptive Streaming over HTTP Xiao, Sam Kwong

(16) SCI Reactive power Minimization in Haochen Shi, Huiging IEEE Transactions on 2018
Bidirectional DC-DC converters Wen, Yihua Hu, Lin Jiang |Power Electronics
Using A Unified-Phasor-Based
Particles Swarm Optimization

(17) SCI Style Neutralization Generative Haochuan Jiang, Kaizhu [Cognitive Computation (2019
Adversarial Classifier Huang* and Rui Zhang,

Amir Hussain

(18) SCI Personal Mobile devices at work: H. N. Liang, C. Fleming, |Multimedia Tools and 2019
factors affecting the adoption of K. L. Man Applications
security mechanisms

(19 SCI Local rigidity of minimal surfaces in |Jie Fei, Jun Wang Journal of Geometry and (2018
a hyperquadric Q2 Physics

(20) SCI Rigidity of minimal surfaces in a J Fei, JWang Differential Geometry {2019
hyperquadric Q4 and its Applications

(21) SCI Minimal two-spheres with constant |Jie Fei, Chiakuei Peng, |Science China 2018
curvature in the quaternionic Xiaowei Xu Mathematics
projective space

(22) SCI Classification of homogeneous JFei Differential Geometry (2019
holomorphic two-spheres in complex and its Applications
Grassmann manifolds

(23) SCI Detection and assessment of partial |J. Ma, X. Pan, KL. Man, X.|IEEE Transactions on 2018
shading scenarios on photovoltaic  |Li, H. Wen, TO. Ting Industry Applications
strings

(24) SCI Maximum Power Point Estimation  |J. Ma, H. Jiang, Z. Bi, K. [IEEE Transactions on 2018
for Photovoltaic Strings Subjected to [Huang, X. Li, H. Wen Industry Applications
Partial Shading Scenarios

(25) SCI Predicting Seminal Quality J. Ma, DO. Afolabi, J. Cognitive Computation (2019
via Imbalanced Learning with Ren, A. Zhen
Evolutionary Safe-Level Synthetic
Minority Over-Sampling Technique

(26) SCI A Conformal Split-ring Loop as a J.Wang, M. P. Leach, E. |IEEE Access 2019
Self-resonator for Wireless Power  |G. Lim, Z. Wang, Z. Jiang,
Transfer R. Pei, and Y. Huang

(27) SCI Investigation of magnetic resonance |J. Wang, M. Leach, Z. Microwave and Optical (2019
coupling circuit topologies for Wang, E.G. LimandYi [Technology Letters
wireless power transmission Huang

(28) SCI Banzhaf Random Forests: Jianyu Sun, Guogiang Neural Networks 2018
Cooperative Game Theory Based Zhong, Kaizhu Huang,
Random Forests with Consistency  |and Junyu Dong

(29 SCI IAN: The Individual Aggregation Jimin Xiao,Yanchun Xie, |Pattern Recognition
Network for Person Search, Pattern |Tammam Tillo, Kaizhu
Recognition Huang, Yunchao Wei,

and Jiashi Feng
(30) SCI Speed Tracking Based Energy- J.Yang, L. Jia, Y. Fu, and |IEEE Intelligent 2017

Efficient Freight Train Control
through Multi-Algorithms
Combination

S. Lu

Transportation Systems
Magazine
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(31) SCI Introduction to the Special Issue Kaizhu Huang*, Rui Cognitive Computation 2018
on Cognitively-inspired Computing  [Zhang, Xiaobo Jin, Amir
for Big Data Mining and Knowledge |Hussain
Discovery
(32) SCI Large-scale location-aware services |Kyeong Soo Kim, Ruihao |Fiber and Integrated 2018
in access: Hierarchical building/floor [Wang,Zhenghang Zhong, |Optics
classification and location estimation|Zikun Tan, Haowei
using Wi-Fi fingerprinting based on |Song, Jaehoon Cha, and
deep neural networks, (Extended Sanghyuk Lee
version of the FOAN 2017 paper)
(33) SCI Recent Advancements in Big Data Ka Lok Man, Ou Owen  [Journal of Universal 2018
Technologies and Applications Liu, Danny Hughes, and [Computer Science
in Computing, loT and Computer Chao Lu
Engineering Technology
(34) SCI Emerging Approaches and Advances |Ka Lok Man, and Kevin  |Symmetry 2019
in Big Data Lee
(35) SCI Adaptive Incremental Genetic K. Duan, S. Fong, S. Siu, |Symmetry 2018
Algorithm for Task Scheduling in W. Song, S. S. Guan
Cloud Environments
(36) SCI Convolutional Neural Network for  [Li Yu, Tammam Tillo, |IEEE Transactions on 2018
Intermediate View Enhancementin  |Jimin Xiao, and Marco  |Multimedia
Multiview Streaming Grangetto
(37) SCI Advanced Internet of Things and Big |M Kim, KL Man, and N |Journal of Sensors 2019
Data Technology for Smart Human- |Helil
Care Services,
(38) SCI Nipon Theera-Umpon, Simplified Moon Keun Kim, Energies 2019 2019
Neural Network Model Design with |Jaehoon Cha, Eunmi
Sensitivity Analysis and Electricity  [Lee, Van Huy Pham,
Consumption Prediction in a Sanghyuk Lee,
Commercial Building
(39) SCI Open-Circuit Fault Diagnosis of Dual (M Zheng, H Wen, H Shi, |IEEE Access 2019
Active Bridge DC-DC Converter With |Y Hu, Y Yang, and Y Wang
Extended-Phase-Shift Control
(40) SCI New reclosing scheme of distribution|PARK Keon-Woo, KIM  |J. Cent. South Univ 2018
system for utilization of BESS using |Chul-Hwan, LEE Sang-
wavelet transform Hyuk, RHEE Sang-Bong
(41) SCI A Survey on an Emerging Area: Deep |Qi Chen, Wei Wang, IEEE Transactions 2019
Learning for Smart City Data Fangyu Wu, Suparna on Emerging Topics
De, Ruili Wang, Bailing  [in Computational
Zhang, and Xin Huang |Intelligence
(42) SCI Attention-based Recurrent Neural [Qi Chen, Wei Wang, Xin |Journal of Internet 2019
Network for Traffic Flow Prediction |Huang, and Hai-ning Technology
Liang
(43) SCI Solving shifted linear systems with  |R.-R. Wang, Qiang Niu, [Computers and 2019
restarted GMRES augmented with  [X.-B Tang and X. Wang  [Mathematics with
error approximation Applications
(44) SCI Three-Dimensional Local Energy-  [Summrina Kanwal Expert Systems with 2018
Based Shape Histogram (3D-LESH]- |Wajid*, Amir Hussain,  |Applications
Based Feature Extraction-A Novel and Kaizhu Huang*,
Technique
(45) SCI Multiobjective beampattern S Jayaprakasam, SKA  [IEEE Transactions 2017

optimization in collaborative
beamforming via NSGA-II with
selective distance

Rahim, CY Leow, TO
Ting, and A.A. Eteng

on Antennas and
Propagation

(46) SCI Well-balanced central WENO S. G.Qian, G. Li, F. J. Computational 2018
schemes for the sediment transport |Shao and Qiang Niu Geosciences
model in shallow water
(47) SCI Learning with memory networks Shufei Zhang, Kaizhu Cognitive Computation {2018
from fewer samples Huang*, Rui Zhang, Amir
Hussain
(48) SCI User-elicited dual-hand interactions |V Nanjappan, H N Liang, [Human-centric 2018
for manipulating 3D objects in virtual |F Lu, K Papangelis, Y Computing and
reality environments Yue, and KL Man Information Sciences
(49) SCI Stochastic Conjugate Gradient Xiao-Bo Jin, Xu-Yao IEEE Transactions on 2018
Algorithm with Variance Reduction |Zhang, Kaizhu Huang, |Neural Networks and
and Guang-Gang Geng |Learning Systems
(50) SCI Pair-wise Loss for Optimizing NDCG |Xiao-Bo Jin, Guang- Information Sciences 2018
Approximately Gang Geng, Guo-Sen Xie,
and Kaizhu Huang*,
(51) SCI A Novel Deep Density Model for XiYang, Kaizhu Huang*, |Cognitive Computation (2018
Unsupervised Learning Rui Zhang, Yannis
Goulermas,
(52) SCI A New Two-layer Mixture of Factor  |Xi Yang, Kaizhu Neurocomputing 2018
Analyzers with Joint Factor Loading [Huang*, Rui Zhang,
Model for the Classification of Small |Amir Hussain, Yannis
Dataset Problems Goulermas
(53) SCI Introduction to the Special Issue of  [Xu Yang, Zhi-Yong Liu,  |Neurocomputing 2019
Advances in Graph Algorithm and Kaizhu Huang, and
Applications Cheng-Lin Liu
(54) SCI Cross-Modality Interactive Attention |Xu Yang, Lu Zhang, Information Fusion 2019
Network for Multispectral Pedestrian|Zhiyong Liu, Shifeng
Detection Zhang, Kaizhu Huang,
Amir Hussain, and Hong
Qiao
(55) SCI A novel beta parameter based fuzzy- |Xingshuo li, Huiging Renewable energy 2019
logic controller for photovoltaic Wen, Yihua Hu, Lin Jiang
MPPT application
(56) SCI A novel sensorless photovoltaic XLi, HWen, Y Zhu, L |EEE Transactions on 2018
power reserve control with simple  |Jiang, Y Hu, and W Xiao [Power Electronics
real-time MPP estimation
(57) SCI Forecasting Based Power Ramp- Xiaoyang Chen, Yang Du, |IEEE Transactions on 2018
Rate Control Strategies For Utility-  [Huiging Wen, Lin Jiang, |Industrial Electronics
Scale PV Systems and Weidong Xiao
(58) SCI Modified Beta Algorithm for GMPPT |Xingshuo Li, Huiging IEEE Transactions on 2018
and Partial Shading Detection in Wen, Yihua Hu, Lin Jiang,|Power Electronics
Photovoltaic Systems, and Weidong Xiao
(59) SCI Structural and Hierarchical X. Xu, F. Xue, S. Lu, H. IEEE Systems Journal 2018
Partitioning of Virtual Microgrids in  |Zhu, L. Jiang, and B. Han
Power Distribution Network
(60 SCI Optimized Sizing and Scheduling Yuanli Liu, Minwu Chen, [Energies 2018

of Hybrid Energy Storage Systems
for High-speed Railway Traction
Substation

Shaofeng Lu, Yinyu
Chen, and Qunzhan Li
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(75) SCI Node Type Distribution and Its Fei Xue, Shaofeng Lu, IEEE Access 2019
Impacts on Performance of Power  |Ettore Bompard, Ciwei
Grids Gao, Lin Jiang and
Xiaoliang Wang
(76) SCI Train Speed Trajectory Optimization |C. Wu, W. Zhang, S. Lu*, [IEEE Transactions 2018
With On-Board Energy Storage Z.Tan, F. Xue, and J. on Intelligent
Device Yang Transportation Systems
(77) SCI Adaptive Partial Train Speed Zhaoxiang Tan, Shaofeng|Energies 2018

Trajectory Optimization

Lu*, Kai Bao, Shaoning
Zhang, Chaoxian Wu, Jie
Yang and Fei Xue

(61) SCI Spatial Indexing for Data Searching [Yuchao Zhou, Suparna |Sensors 2017
in Mobile Sensing Environments De, Wei Wang,
Klaus Moessner,
and Marimuthu S.
Palaniswami
(62) SCI Harmonic Distortion Caused by Y.Duand D.D.C.Lu Power System 2018
Single-Phase Grid-Connected PV Harmonics: Analysis,
Inverter Effects and Mitigation
Solutions for Power
Quality Improvement
(63) SCI Designing Localized MPPT for PV |Y. Du, K. Yan, Z. Ren and |Energies 2018
Systems Using Fuzzy-Weighted W. Xiao
Extreme Learning Machine
(64) SCI Missing Data Estimation in Mobile  |Yuchao Zhou, Suparna  |IEEE Access 2018
Sensing Environments De, Wei Wang, Ruili
Wang, and Klaus
Moessner
(65) SCI Fast Iterative Semi-Blind Receiver  |Y .Liu, X Zhu,Y. Jiang, EG |IEEE Journal on 2019
for URLLC in Short-Frame Full- Lim, and Y Huang Selected Areas in
Duplex Systems With CFO Communications
(66) SCI Correlation Filter Selection for Yanchun Xie, Jimin Xiao, |[IEEE Transactions on 2019
Visual Tracking Using Reinforcement|Kaizhu Huang, Jeyarajan |Circuits and Systems for
Learning Thiyagalingam, and Yao |Video Technology
Zhao
(67) SCI Wideband Loop Antenna with Z. Jiang, Z. Wang, M. |IEEE Antennas and 2019
Split Ring Resonators for Wireless  |Leach, Y. Huang, E.G.  |Wireless Propagation
Medical Telemetry Lim, J. Wang, and R. Pei |Letters
(68) SCI Simplified Neural Network Model  [Moon Keun Kim, Energies 2019
Design with Sensitivity Analysis and |Jaehoon Cha, Eunmi
Electricity Consumption Prediction in|Lee, Van Huy Pham,
a Commercial Building Sanghyuk Lee, and
Nipon Theera-Umpon
(69) SCI New reclosing scheme of distribution|PARK Keon-Woo, KIM J. Cent. South Univ 2018
system for utilization of BESS using |Chul-Hwan, LEE Sang-
wavelet transform Hyuk, and RHEE Sang-
Bong
(70) SCI Verifying Secure Authentication Nipon Theera-Umpon, |Journal of Universal 2018
Protocol for Communication between|Kun-Hee Han, Woo-Sik |Computer Science
loT-based Medical Devices Bae, and Sanghyuk Lee
(71) SCI Monolithic Integration Design of Miao Cui, Qinglei Bu, Japanese Journal of 2019
GaN-based Power Chip Including Yutao Cai, Ruize Sun, Applied Physics
Gate Driver for High-Temperature  |Wen Liu, Huiging Wen,
DC-DC Converters Sang Lam, Yung C.
Liang, Ivona Z. Mitrovic,
Stephen Taylor, Paul
R. Chalker and Cezhou
Zhao
(72) SCI Designing an Optimized Water Zhu, X., Yue, Y., Wong,  [Water 2019
Quality Monitoring Network with PW., Zhang, Y. and Ding,
Reserved Monitoring Locations H.
(73) SCI Accuracy Control of Fiber Cable’ s |Zhu, X,, Yue, Y., Hu, F,, Prediction and PID 2019
Outer Diameter with Algorithms of  |Shou, J., Zhang, J.and |Controller. Arabian
Filtration Cao, K. Journal for Science and
Engineering
(74) SCI Day-Ahead Electric Vehicle Bing Han, Shaofeng Lu*, |I[ET Generation, 2019

Aggregator Bidding Strategy using
Stochastic Programming in an
Uncertain Reserve Market

Fei Xue and Lin Jiang

Transmission and
Distribution
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Project 4: Development of Technology for High-Performance GaN
Power Electronic Devices Based on Si Substrate

| Cezhou Zhao

Programme category: Key Programme Special Fund (KSF) - Applied Technology Research Programme

Introduction: Currently, the development direction of GaN power electronic device application circuit is to form independent
and complete functional modules directly facing the terminal application, including GaN power core devices, device drivers,
protection circuits and peripheral passive devices. Highly integrated GaN power integration technology will achieve high
performance, high working safety, high speed and high temperature endurance that traditional Si power chip technology cannot
achieve. GaN power electronic devices can be fabricated on silicon substrates, thus heterogeneous integration has become the
main research direction of GaN power integration technology. In 2009, MIT reported the fabrication of Si-GaN-Si chips by chip
bonding and selective etching, which integrated Si MISFET and GaN HEMT. In the same year, W J Chen. et al reported GaN-
on-Si switching mode Boost converter, and K'Y Wong. et al realized monolithic integration of high-voltage power devices and
peripheral low-voltage devices. Meanwhile, Hong Kong University of Science and Technology first reported the monolithic GaN
Boost converter with power transistor and power rectifier, and developed the prototype of GaN intelligent power integration
technology platform on this basis. Back then there were few reports on GaN application system in China, but in recent years,
Beijing Jiaotong University has adopted GaN devices made by EPC Company to construct Boost converter based on coupled
inductance, which was used in the front stage circuit of 500W micro inverter; and GaN-HEMT device made by Transphorm
Company was also used to research the high frequency miniature inverter. However, there is still a big gap between the overall
level of GaN device design, process manufacturing and application verification of actual samples and the international advanced
technology. Thus, with the promotion and support of the government, this project gradually promoted the development of GaN
technology in the way of production, education and research, and contributed to the development of GaN power devices in China.

The project was proceeded normally as planned under the organization of the director of the research group. The
cooperative company was responsible for substrate materials and material technology, and Xi'an Jiaotong-Liverpool University
was responsible for the preparation and testing of GaN power electronic devices. To ensure the safety of power electronic system
and reduce the cost and complexity of the system, the research and development of devices focused on the enhanced [normally-
turned off] power switching devices with positive threshold voltage in AlGaN/GaN/Si structure. The implementation of this
project will accelerate the research and development and industrialization of GaN materials and related core devices, and greatly
promote the development of Jiangsu Province in the next generation of consumer electronics, smart grid, electric vehicles and
other industries, which is of immeasurable significance to the current and future industrial development of Jiangsu Province:

1. Break up the monopoly of foreign GaN device technology and realize "high-tech manufacturing” from Jiangsu, China.

Fill the gaps in domestic GaN device design technology and process technology, realize the product technology route
with independent intellectual property rights, and enhance the core competitiveness of GaN technology.

2. With GaN semiconductor devices as the traction, drivethe rapid development of the next generation consumer
electronics, smart grid and electric vehicles. Promote Jiangsu to become a highland for the development of nitride
semiconductor industry in China, lead the rapid development of the future industry, and lay a satisfying foundation for
the future industrial development.

Key issues solved:

In this project, GaN/AlGaN surface treatment technology was used to increase the operating current of silicon-based
gallium nitride triode devices and reduce drain & current leakage (1A and 10pA respectively). The on-resistance (6 Qmm) was
reduced through the CMOS compatible metal-free process of GaN devices; a large breakdown voltage (more than 800V) was
implemented through PECVD dielectric passivation process and ALD gate oxide process; and the corrected threshold voltage
(=>1V) was achieved by multi-step groove gate preparation technology. Details of the key problems solved are as follows:

1.Development of GaN metal-free process

The purpose of metal-free process technology is to control Au pollution in CMOS process. Titanium nitride has better

electrical conductivity, chemical stability, high hardness and high temperature characteristics, so after the rapid annealing at
high temperature, it can keep metal edges flat and ensure the reliability of HV devices, and it is a commonly used metallized
interconnection material in CMOS process. To realize the CMOS compatible process in GaN device fabrication, the metal-free
ohmic contact process was researched in this project. Titanium nitride (TiN) was used as the protective layer of ohmic contact
instead of metal, and the conventional metal system containing Au was removed;

2.Preparation technology of high quality insulated gate

Advanced passivation gate dielectric was used to reduce interface state; the mature LPCVD/PECVD insulating film growth
technology in CMOS was adopted, and the film quality was improved by optimizing the growth conditions of gate dielectric and
the treatment methods before gate dielectric growth. Higher voltage level was achieved through further improvement of the
interface state of semiconductor/dielectric layer and manufacturing of fabricate high-quality insulated gate dielectric to reduce
gate leakage current and frequency scattering.

3.Fabrication technology of groove gate

GaN devices with normal turn-off voltage Vth - 1~ 2V were fabricated by groove gate delamination technology.

Research achievements:

1) Patents

No. Category |Status|Patents Title Application no./ [Certificate no. Inventor(s)

Authorisation no.

(1 |%8 —H | —HRAEEERENIET A CN201711170935.4 LT RERM
=y

(2) KB T8 |—METEEENASEE - EEESBR |[CN201711170924.6 XUEHE, XM
MRIREHISESE =

(3) KB T8 |—MEEENEARMERESETE [CN201711170946.2 XJBLER |, XM
faray

(4) KRB —H |SEEAEESASERESIESE  |CN201811589966.8 XEE, XM
faray

(5) KB —H | ZEMNENEESAEREFIESE  |CN201811591079.4 XEE, XM
2y

(6) &RP —H | —MEBFMEREARRSAFIER |CN201920970572.0 XIEE, XM
SEERRE =3

(7) & AP ZIE | BTSN RRAM HIESE CN201911049301.2 SEERAN , XM
faray

(8) FBISLA 1B |—Fh CTM 12z CN201920491559.7 |ZL201920491559.7 |F5ARAE , #XSEM
TR %
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BHRrEREFN&ESE =3
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HHERE =3
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el = =3
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g |[tAa%

o
4o
13 |
B
)

105



(11)

SCI

Enhancement on the Performance
of Eco-friendly Solution Processed
InO/ALO Thin-film Transistors via
Lithium Incorporation

T. Zhao, --C. Zhao

Journal of Alloys and
Compounds

March 2020

(14) <88 B |[—MSLUESERMEER R SRR |CN201910836167.4 LR R
S |RERE &
(15) | %P3 B |[—MREARERRAETZFBENE |CN201910836553.3 LR | RXERM
= e
(16) | %83 R’ (BETEMRENIUTSNBEHESE (CN201911299283.3 XSS, XM
Rig |NFIEDE &
(17)  [FRELSCA (BN | —FRRMGURAFLAERUEHBRIANER [CN201921399635.8 |ZL201921399635.8 KA , EXHIMN
EF NS &
2) Publications (SCI, SCIE, SSCI, A&HCI. EIl only)
No. Category |Title Author(s) Journal Title Publication Date
(1) SCI Effect of Surface Treatment on Y. Cai, ---C. Zhao Japanese J. Applied 2020
Electrical Properties of GaN Metal Physics, vol. 59, no. 4,
Insulator-Semiconductor Devices 041001
with Al203Gate Dielectric
(2) SCI Effect of High-k Passivation Layer |Y. Cai, ---C. Zhao |IEEE Access, vol. 8, 2020
on High Voltage Properties of GaN 2995906
Metal-Insulator-Semiconductor
Devices
(3) SCI Monolithic integration design of M. Cui, ---C. Zhao Japanese J. Applied 2019
GaN-based power chip including Physics, vol. 58, no. 5,
gate driver for high-temperature 056505
DC-DC converters
(4) SCI Monolithic GaN Half-Bridge Stages [M. Cui, ---C. Zhao IEEE Access, vol. 7, 2019
With Integrated Gate Drivers for 2958059
High Temperature DC-DC Buck
Converters
(5) El "Characterization of Transient M. Cui, --- C. Zhao The 14th IEEE International|June 6-8, 2018
Threshold Voltage Shifts in Conference on Electron
Enhancement-and Depletion- Devices and Solid-State
mode AlGaN/GaN Metal-Insulator- Circuits
Semiconductor (MIS)-HEMTs
(6) El Evaluations of GaN-on-Si devices Huiging Wen, Wen Liu,|14th IEEE International Oct. 2018
for Power Electronics Applications [Cezhou Zhao Conference on Solid State
and Integrated Circuit
Technology
(7) El The Impact of Etch Depth of D-mode|M. Cui, ---C. Zhao 17th IEEE International July, 2019
AlGaN/GaN MIS-HEMTs on DC and Conference on IC Design
AC Characteristics of 10 V Input and Technology (ICICDT)
Direct-Coupled FET Logic (DCFL)
Inverters
(8) El AlGaN/GaN Metal-Insulator- M. Cui, ---C. Zhao 10th International 2019
Semiconductor (MIS)-HFETs Based Conference on Power
DC-DC Boost Converters with Electronics and ECCE Asia
Integrated Gate Drivers
(9) El Effect of High-k Passivation Layer |Y. Cai, ---C. Zhao 17th IEEE International July, 2019
on Electrical Properties of GaN Conference on IC Design
Metal-Insulator-Semiconductor and Technology (ICICDT)
Devices
(10) SCI Comproportionation Reaction Q. Liu, --C. Zhao Advanced Electronic April, 2020
Synthesis to Realize High- Materials
Performance Water-Induced Metal-
Oxide Thin-Film Transistors
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New Energy Technology is an essential basis for measuring the level
of high-tech development of a country or region, and also a strategic high
point of the new round of international competition. New energy technology
is becoming a dynamic and most promising strategic field. By the end
of 2020, XJTLU had successfully completed 13 governmental research
projects at all levels in the field of New Energy Technology, including 3
national projects, 5 provincial projects and 5 municipal projects. XJTLU
has established the Suzhou Municipal Key Lab of New Energy Techniques.
XJTLU’s representative team participated in the Solar Decathlon China in
2021 and successfully made it to the finals.
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1.National Projects

Project 1: Research on Power Optimization Method for Distributed
Photovoltaic Systems Based on Field-Support Vector Regression

| Jieming Ma

Application code: F0214 (Department of Information Sciences)

Programme category: National Natural Science Foundation of China [NSFC) - Young Scientists Fund
Technical fields: Photovoltaic Power Generation, Algorithm Performance Optimization

Introduction: Improving the energy-saving efficiency of photovoltaic system in complex environment has always been a
research hotspot and difficulty in photovoltaic application field. Most of the existing power optimization methods are based on
sampled data for maximum power point tracking control, but they often ignore the 'style" difference of output characteristics
and mix data information, which cannot achieve ideal power control effect. On the basis of analyzing the environmental
characteristics of distributed photovoltaic system, in this project, the following research was carried out around power
optimization:

1. Analyzed the system output characteristics in shadow environment quantitatively, and researched the nonlinear style
normalization transformation method so that 'multi-style’ characteristic data was transformed into ‘single style' data
satisfying independent and identical distribution;

2. Sought a data learning method for ‘new style’ data, and build a power optimization model based on style-support vector
regression framework to predict the maximum power point accurately;

3. Established the model algorithm control mechanism and constructed environment adaptive photovoltaic controller to
realize real-time and efficient system power optimization.

By researching the electrical characteristics of photovoltaic system under shadow occlusion, the project team defined the
environmental quantitative analysis parameters for distributed photovoltaic system, researched the local shadow detection
method and found that the environmental parameters can be evaluated accurately through the electrical characteristics of
photovoltaic system. According to the different 'style’ curves of photovoltaic power curves under different shading conditions, a
nonlinear style normalization transformation method was established, and the maximum power point position can be accurately
predicted by de-style processing. Simulation experiments and hardware experiments have verified that the maximum power
point tracking method guided by the model can effectively improve the output power of photovoltaic system. The research
method can be applied to the design of photovoltaic controller, and has a satisfying application prospect.

Keywords: Distributed Photovoltaic System, Shadow Occlusion, Support Vector Machine, Data Style, Power Optimization

Research achievements:

1) Patents

No. |Category |Status Patents Title Application no. |Authorisation no.|Inventor(s)

(1) |SCR#FE | —FhEREAELSER BARER B 54 [CN201821753690.8 (ZL201821753690.8 | 23508

=gl pE=%
(2) |[%BB =) — TS EL YR A SR ROINERIE [CN202010363393.8 5588
HNETSE
(3 [&BB SHE —TheR BRERAIRE 2B S [CN202010010649.7 3588

=, KETRE

(4) |%BH SCER — BB IRBARIEI Bt |CN201811264554.7 OEeR
MES KT E
(5) |&BA SEE FHAREBIIBEAS BN A, & |CN202010321887.X OEeR
ANERRIBRGERRS
2) Publications (SCI. SCIE, SSCI, A&HCI, EI only)
No. [Category [Title Author(s) Journal Title Publication Date
(1) |SCIE Detection and Assessment of J.Ma, X. Pan, |IEEE Transactions on Industry 2018/04/30
Partial Shading Scenarios on K.L. Man, X. Li, H. |Applications
Photovoltaic Strings Wen, T.0. Ting
(2) |SCIE Maximum Power Point J. Ma, H. Jiang, Z. [IEEE Transactions on Industry 2018/06/21
Estimation for Photovoltaic Bi, K. Huang, X. Li|Applications
Strings Subjected to Partial and H. Wen
Shading Scenarios
(3) |SCIE Maximum Power Point Z.Bi,J.Ma, K.L. |IEEE Transactions on Industry 2018/08/05
Estimation for Photovoltaic Man, J.S. Smith, Y.[Applications
Strings Subjected to Partial Yue and H. Wen
Shading Scenarios
(4) |SCIE An Enhanced 0.8Voc-model- Z.Bi, J. Ma, K. |IEEE Access 2018/09/18
based Global Maximum Power |Wang, K.L. Man,
Point Tracking Method for Y. Yue and J.S.
Photovoltaic Systems Smith
(5) |[SCIE Identification of Partial Shading [Q. Ren, K.L. Man, |International Journal of Distributed |2018/12/17
Conditions for Photovoltaic M. Li, B. Gao, and |Sensor Networks
Strings J.Ma
(6) |EI Intelligent design and JMa, ZBi, KL 2018 7th International Conference 2019/01/03
implementation of blockchain Man, H Dai, ZWu [on Renewable Energy Research and
and Internet of things-based Applications (ICRERA]
traffic system
(7) |EI Identification of Partial Shading [J. Ma, Z. Bi, K.L. |2018 International SoC Design 2019/03/17
in Photovoltaic Arrays Using Man, J.S. Smith  |Conference (ISOCC)
Optimal Sensor Placement and Y. Yue
Schemes
(8) |EI Automatic shading detection Z.Bi, J.Ma, K. L. [ChemPhysChem2019 IEEE 2019/06/26
system for photovoltaic strings |Man, J. S. Smith, |International Conference on
Y. Yue and H. Wen [Environment and Electrical
Engineering and 2019 IEEE
Industrial and Commercial Power
Systems Europe (EEEIC / 1&CPS
Europe)
(9) |El Global MPPT Method for J.Ma, Z.Bi, K. L. |2019 IEEE 2016/06/13
Photovoltaic Systems Operating |Man, H. Liang and|International Conference on
under Partial Shading Conditions|J. S. Smith Environment and Electrical
using the 0.8VOC Model Engineering and 2019 IEEE
Industrial and Commercial Power
Systems Europe (EEEIC / I&CPS
Europe)
(10) |EI Predicting the Global Maximum |[J. Ma, Z. Bi, K. L. |2019 International SoC Design 2019/06/25
Power Point Locus using Man, Y. Yue and J. |[Conference (ISOCC)
Shading Information S. Smith
(11) |EI A Novel Global Maximum Power |J. Ma, K. Wang, |2020 IEEE 2020/04/09
Point Tracking Method based on |K. L. Man, H-N. |International Conference on
Shading Detection Liang, X. Pan Environment and Electrical
Engineering and 2019 IEEE
Industrial and Commercial Power
Systems Europe (EEEIC / I&CPS
Europe)
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(12) |El An Analytical Model for a K. Wang, D. Hong,| 2020 IEEE International Conference [2020/08/20
Photovoltaic Module Under J. Ma, K. L. Man, |on Industrial Informatics
Partial Shading Conditions K. Huang and X.
Huang
(13) |EI Maximum Power Point Tracking |Z. Bi, J. Ma, K.L. {2020 International SoC Design 2020/08/13
of Photovoltaic Systems Using  |Man, Y. Yue and |Conference (ISOCC)
Deep Q-networks J.S. Smith

Project 2: Investigation into Graphene Enabled Three-Dimensional
Lithium-Sulfur Batteries for Enhanced Power and Capacity

| LiYang

Application code: B020405 (Department of Chemical Sciences)

Technical fields: New Energy Technology, Energy Storage Devices

Programme category: National Natural Science Foundation of China (NSFC) -
International Young Scientists Programme

Introduction: As an attractive substitute for the lithium ion batteries, lithium-sulfur (Li-S) batteries have been widely
investigated for the past decades, because the theoretical energy densities are almost an order of magnitude greater than the
state-of-the-art Li-ion battery, 3 times greater than the conventional batteries. However, the development of lithium-sulfur
batteries is being hampered by lack of understanding of the complexity of the sulfur-cathode during reduction and oxidation.
Also lithium-sulfur batteries suffer from the issue of high internal resistance due to fact that sulfur is an electrical insulator
resulting in poor performance.

In this project, high quality graphene substrates were successfully prepared and key parameters were established. The
resulting as-prepared graphene composite with sulfur to fabricate the sulfur cathode with graphene conductive network was
used for Li-S batteries. Understanding the mechanism of the lithiation/deliathiation process, the electrochemical and chemical
processes occurring during charge and discharge of the cathode and anode, and the specific capacity and cycling stability
performance have been investigated.

Keywords: Lithium lon Battery, Sulfur Loading, Graphene Foam, Free Standing, Enhanced Capability

Key issues solved:

1. A light-weight and free-standing graphene foam (GF) interlayer placed between sulfur cathode and separator was
developed to improve the electrochemical performance of lithium-sulfur batteries. The results show excellent stability
and reversibility of the Li-S cell with the GF/GF@ZnO interlayer.

2. The cyclic voltammetry (CV], and electrochemical impedance spectroscopy (EIS) were used to study the electrode
during the reaction. The specific capacity and cycling stability performance were measured by battery testing
system. The relationship between the morphology, electrochemical reactions, and sulfur loading with Li-S batteries
performance were evaluated systematically.

Research achievements:

1) Patents

No. |Category [Status |Patents Title Application no. [Authorisation no.|Inventor(s)

R $Z#  |The preparation of a branch-like nitrogen
doped graphene nano-tube and its application

as cathode material in Li-S battery.

CN201711170934.X |ZL201711170934.X|Li Yang

(2) |[&BB =R |ALi-S battery with a nitrogen-doped graphene |CN201711006380.X [ZL201711006380.X|Li Yang

foam interlayer.

(3 |[&BB =R |ALi-S battery with a graphene foam interlayer |CN201711006349.6 [ZL.201711006349.6|Li Yang

deposited by nitrogen doped porous carbon

nano-rods.
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2) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. Category |Title Author(s) Journal Title Publication Date
(1) SCI Light-weight Free-standing Ruowei Yi, Chenguang Liu, Electrochimica Acta|2019
Graphene Foam-based Yinchao Zhao, Laurence J.
Interlayer towards Improved Hardwick, Yinging Li, Xianwei
Li-S Cells Geng, Qian Zhang, *Li Yang,
*Cezhou Zhao
(2) SCI Graphenecontacted single Shuhui Tao, Qian Zhang, Chunhui |ACS Applied Nano 2019
molecular junctions with He, Xiangfei Lin, Ruochen Materials
conjugated molecular wires Xie, Cezhou Zhao, Chun Zhao,
Alexander Smogunov, Yannick
J. Dappe, Richard J. Nichols, *Li
Yang
(3) SCI Isothermal Sulfur Xianwei Geng, Ruowei Yi, Zhiming|Journal of Materials|2018
Condensation into Carbon Yu, Cezhou Zhao, Yinging Li, Science: Materials
Nanotube/Nitrogen-doped Qiuping Wei, Chenguang Liu, in Electronics
Graphene Composite for High |Yinchao Zhao, *Bing Lu, *Li Yang
Performance Lithium-Sulfur
Batteries
(4) SCI Porous activated carbons Yudan Yuan, Ruowei Yi, Yi Sun, Journal of 2018
derived from pleurotus eryngii |Jiangiao Zeng, Jiaqi Li, Jiahao Nanomaterials
for supercapacitor applications [Hu, Yinchao Zhao, Wei Sun, Chun
Zhao, *Li Yang, *Cezhou Zhao
(5) SCI Carbon-Contacted Single Chunhui He, Qian Zhang, Shuhui |Physical Chemistry (2018
Molecule Electrical Junctions [Tao, Cezhou Zhao, Chun Zhao, Chemical Physics
Weitao Su, Yannick J. Dappe,
Richard J. Nichol, *Li Yang
(6) SCI Technical effects of molecule- |Qian Zhang, Shuhui Tao, Yingi Journal of Physical (2018
electrode contacts in graphene-|Fan, Cezhou Zhao, Chun Zhao,  |Chemistry C
based molecular junctions Weitao Su, Yannick J. Dappe,
Richard J. Nichols, *Li Yang
(7) SCI Effect of Asymmetric Anchoring|Chunhui He, Qian Zhang, Yingi ChemPhysChem |2019
Groups on Electronic Transport |Fan, Cezhou Zhao, Chun Zhao,
in Hybrid Metal/Molecule/ Jingyao Ye, Yannick J. Dappe,
Graphene Single Molecule Richard J. Nichol, *Li Yang,
Junctions,
(8) SCI The facile fabrication of light-  [Ruowei Yi, Xiangfei Lin, Yinchao |ChemElectroChem |2019
weight dual-functional modified|{Zhao, Chenguang Liu, Yinging Li,
separator towards high Laurence J. Hardwick, *Li Yang,
performance Li-S batteries *Cezhou Zhao, Xianwei Geng,
Qian Zhang,
9] SCI Enhanced Electrochemical Chenguang Liu, Yinchao Zhao, Electrochimica Acta|2020
Performance by GeOx-Coated |Ruowei Yi, Hao Wu, Wenbin
MXene Nanosheet Anode in Yang, Yinging Li, lvona Mitrovica,
Lithium-ion Batteries Stephan Taylor, Paul Chalker, *Li
Yang, *Cezhou Zhao
(10) SCI Facile Preparation of Co304 Yinchao Zhao, Chenguang Liu, Electrochimica Acta|2020
Nanoparticles Incorporating Ruowei Yi, Zigian Li, Yanbing
with Highly Conductive Chen, Yinging Li, Ivona Mitrovica,
MXene Nanosheets as High-  |Stephan Taylor, Paul Chalker, *Li
Performance Anodes for Yang, *Cezhou Zhao
Lithium-lons Batteries
(11) SCI A high conductivity and effective[Xianwei Geng, Ruowei Yi, Xiangfei |Journal of Alloys  |2020
polysulfides adsorption of TiC- |Lin, Chenguang Liu, Yi Sun, and Compounds
TiO2/SWCNT/S composite for  |Yinchao Zhao, Yinging Li, lvona
stable Li-S batteries Mitrovica, *Li Yang, *Cezhou Zhao
(12) SCI Improved pseudocapacitances |Yi Sun, Ruowei Yi, Yinchao Zhao, |Journal of Alloys  |2020
of supercapacitors based on Chenguang Liu, Yudan Yuan, and Compounds
electrodes of nitrogen-doped  |Xianwei Geng, Weixuan Li,
Ti3C2Tx nanosheets with in-situ|Zhichen Feng, Ivona Mitrovic, *Li
growth of carbon nanotubes  |Yang, *Cezhou Zhao

(13) SCI Nitrogen-Doped Hierarchical  |Yudan Yuan, Yi Sun, Zhichen Feng,[Materials 2021
Porous Activated Carbon Xingjian Li, Ruowei Yi, Wei Sun,
Derived from Paddy for High-  |*Cezhou Zhao, *Li Yang
Performance Supercapacitors
3) Others
Awards:

1.

National Key Lab of Material Processing and Die & Mould Technology Opening Fund, “Coating
performance matching and control mechanism of lithium sulfur battery electrode paste” , project code

P2019-019, (01/2019-12/2020) Project Value 50K RMB.

2. Key Program Special Fund in XJTLU, "Investigation into next generation Lithium batteries for enhanced
power and capacity", project code KSF-A-04, (07/2017-06/2020) Project Value 1™ RMB.
3. Best Poster Prize, Jiangsu Province Postgraduate Functional Nano Materials Research

Forum, Suzhou, 04/11/2018
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Project 3: Coating Performance Matching and Control Mechanism of
Lithium Sulfur Batteries

| LiYang

Programme category: Key Laboratory - Open Project

Technical fields: New Energy Technology, Energy Storage Devices

Introduction: In recent years, lithium-sulfur batteries based on lithium anode and sulfur anode have become very
promising lithium ion batteries because of their high energy density. In this project, first, the pole piece and intermediate layer
of cone sulfur battery were taken as the research object and the slurry composition in the lamellar was taken as the research
variable; Micron and nano sulfur particles, conductive carbon black, carbon nanotubes, carbon nanosheets and MXene were
used for the proportioning, the behavior of different types of slurry applied with thousands of electrodes was tested, and finally
a carbon nanoplates/two-dimensional carbonized chin nanoplates (MXene) composite interlayer with excellent performance
was obtained. Second, the high-frequency capacitance change of silicon composite electrode was measured by a simple device,
and the volume expansion effect of sulfur positive electrode and silicon negative electrode was researched. By measuring the
capacitance curve of silicon composite negative electrode during charging and discharging, the stress and fragmentation trend
of the battery during charging and discharging was finally obtained. This work is expected to further establish an electrical

mechanical model and further quantify the related performance of the battery electrode.
Keywords: Lithium lon Battery, High Energy Density

Key issues solved:

1. For this research, the positive electrode and intermediate layer of lithium-sulfur battery was taken as the research
object, the slurry composition in the plate sheet was taken as the research variable, and the behavior of using
thousands of electrodes in different types of slurry was tested by adjusting the component content in the slurry,
including sulfur powder, conductive agent, adhesive, and adopting different types of components, such as micron and
nano sulfur particles, conductive carbon black, carbon nanotubes, carbon nanoplates and MXene.

2. Electrodes of lithium-sulfur battery were assembled into button cell. Through the cyclic performance test, cyclic
voltammetry test, electrochemical impedance test, battery rate discharge performance test, battery self-discharge test,
lithium ion diffusion coefficient measurement, shuttle effect coefficient measurement and other tests of lithium-sulfur
battery positive electrode button cell under different radiation pressures, the optimal scheme for different formulations
of electrode was obtained according to the test results to achieve the optimal balance between energy density and
comprehensive performance.

3. Scanning electron microscope (SEM) was used to observe the surface and cross section of the electrode before and
after the rolling processing. The influence of radiation pressure on the deformation and evolution process of electrode
material was analyzed from the microstructure, and the influence mechanism of different parameters was analyzed
from the microstructure: Through SEM observation of electrode surface and internal section after charge-discharge
cycle, it was confirmed that the internal gap of the battery can also effectively contain the final product lithium sulfide,
which prevented it from precipitating on the electrode surface and increasing the internal impedance of the electrode,
resulting in performance degradation.

4. The volume expansion effect of sulphur positive electrode and silicon negative electrode was simulated, and the high
frequency capacitance change of silicon composite electrode was measured by setting up a simple device. At high
frequency, the equivalent circuit of button cell can be regarded as a series connection of capacitor and resistor. The
test system can be used to determine the change trend of stress and comminution in the electrode for the change of
capacitance and anode material with great volume change during lithium/lithium removal.

Research achievements:

1) Patents
No. |Category|Status|Patents Title Application no. |Authorisation no.|Inventor(s)
(1) |SCEFE (B [—FSFHiEZESe AP [CN201920970530.7 [ZL201920970530.7 |Bk Bk , iXZ& , XM , #],
ZA BEERHD FH
(2) |SCAEFREL R |EJEEKPHBERED CN201920253119.8 [ZL201920253119.8|BX B &; , #X& , &M , 5%, F
TR 7
(3] | %88 STEH [—FhBERIKA /MXene  [CN202010052371.X WZ, SEE AR, XIS
SEMKME . BFIETSE =FH, EFE, HA, XEM
atlzspes
(4) | %8 SLEE (BB RES . B AEAEsE |CN202010106709.5 =FH, B, E28, 32 I
it RIRESIE X fF,&X&E, 7F, &XEM

2) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. Category |Title Author(s) Journal Title Publication Date
(1) SCI Enhanced Electrochemical Chenguang Liu, Yinchao Zhao, Electrochimica Acta |2020
Performance by GeOx-Coated [Ruowei Yi, Hao Wu, Wenbin
MXene Nanosheet Anode in Yang, Yinging Li, lvona Mitrovica,
Lithium-ion Batteries Stephan Taylor, Paul Chalker, *Li
Yang, *Cezhou Zhao
(2) SCI Facile Preparation of Co304  |Yinchao Zhao, Chenguang Liu, Electrochimica Acta |2020
Nanoparticles Incorporating  [Ruowei Yi, Zigian Li, Yanbing
with Highly Conductive Chen, Yinging Li, Ivona Mitrovica,
MXene Nanosheets as High-  [Stephan Taylor, Paul Chalker, *Li
Performance Anodes for Yang, *Cezhou Zhao
Lithium-lons Batteries
(3) SCI Improved pseudocapacitances [Yi Sun, Ruowei Yi, Yinchao Zhao, [Journal of Alloys 2020
of supercapacitors based Chenguang Liu, Yudan Yuan, and Compounds
on electrodes of nitrogen- Xianwei Geng, Weixuan Li,
doped Ti3C2Tx nanosheets Zhichen Feng, Ivona Mitrovic, *Li
with in-situ growth of carbon  |Yang, *Cezhou Zhao
nanotubes
(4) SCI A high conductivity and Xianwei Geng, Ruowei Yi, Xiangfei [Journal of Alloys 2021
effective polysulfides Lin, Chenguang Liu, Yi Sun, and Compounds
adsorption of TiC-Ti02/ Yinchao Zhao, Yinging Li, Ivona
SWCNT/S composite for stable |Mitrovica, *Li Yang, *Cezhou Zhao
Li-S batteries
(5) SCI Charge Transport in Hybrid Chunhui He, Qian Zhang, Tingwei [Physical Chemistry |2020
Platinum/Molecule/Graphene |Gao, Chenguang Liu, Zhenyu Chemical Physics
Single Molecule Junctions Chen, Cezhou Zhao, Chun Zhao,
Richard J. Nichol, *Yannick J.
Dappe, *Li Yang
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2.Provincial Projects

Project 1: Exploring the Mechanism of Chromium Poisoning in Solid
Oxide Fuel/Electrolyzer Cells (SOFC/SOEC) and Its Impact on the
Electrochemical Properties of Inorganic Materials

| Elena Konysheva

Technical fields: New Energy and Efficient Energy Saving - Hydrogen Energy - Hydrogen
Energy Utilization Equipment

Programme category: Jiangsu Science and Technology Programme - Basic Research Plan
(Natural Science Foundation) - General Programme

Introduction: Developing green power generation and energy storage methods is one of the priority tasks to protect global
resources and solve environmental problems at home and abroad. Solid oxide fuel cell (SOFC) converts the chemical energy
of fuel (hydrogen, natural gas, methanol, gasoline and ammonia) and oxidant (air or oxygen) into water as a single chemical
product. Fuel cell technology has made remarkable progress and outstanding achievements. The efficiency of solid oxide fuel
cell (SOFC]) can exceed 60%. Solid oxide electrolytic cells (SOEC) electrolyze water and/or CO; into pure hydrogen and/or syngas.
The electrochemical performance of SOFC and SOEC devices is easily affected by chromium deposition in the electrodes. Oxides
with perovskite, double perovskite and layered perovskite Ruddlesden-popper structures present the mixed ionic electronic
conductivity and can be used as cathodes in SOFC. The composite cathode formed by mixing these oxides with a certain
proportion of electrolyte can improve the electrochemical performance.

In this project, chromium poisoning mechanism of electrode materials in oxygen-containing environment was researched.
Currently, we have explored the influencing factors of controlling the adsorption of Cr gaseous substances by materials with
high mixed ions and electronic conductivity under controlled humidity and non-electric conditions. In addition, another aspect of
research was to develop some new materials to show better electrochemical performance in chromium-containing environment
so as to prolong the service life of fuel cells and commercialize their technologies.

Keywords: Green Power Generation Fuel Cell Technology, New Bi-Functional Electrode Materials

Key issues solved: In the initial stage, the optimum synthesis method (solid, sol-gel or hydrothermal method) has been
explored, and the proportion of initial precursors has been adjusted to obtain some single-phase compounds.

The delamination problem has been proved in the electrolysis process of solid oxide electrolytic cell (SOEC). In this case, the
electrode is physically separated from the electrolyte so that electrolysis cannot occur. It is necessary to optimize the calcination
conditions and interface roughness so as to determine the mechanism of chromium poisoning under SOEC conditions.

Research achievements:

1) Publications (SCI, SCIE, SSCI, A&HCI, EIl only)

No. Category |Title Author(s) [Journal Title Publication Date

(1) SCI

Quantitative characterization of Cr-adsorptionon  |Y. Hou, J. International 2016
CeO, pure and doped BaCeOs and its impact on Wu, E. Yu. Journal Hydrogen
the electrochemical performance of Ce containing |Konysheva |Energy

complex oxides

(2) SCI Forous ceramics based on yttrium and scandium- |X. Zhang, Solid state lonics 2018
cerium doped ZrQ: with fluorite structure: Impact of|E. Yu.
chromium on conductivity Konysheva

(3) SCI Influence of Chromia on conductivity of CeqsGdo10, |E. Yu. Russian Journal 2018
electrolyte in solid oxide fuel cells Konysheva |Electrochenistry

Project 2: The Research on Controllable Preparation and Photovoltaic
Properties of Single Crystals of Bismuth Ferrite Micron

| HaoYu

Programme category: Jiangsu Science and Technology Programme - Basic Research
Plan (Natural Science Foundation) - General Programme

Introduction: In this project, high-quality micron single crystal BiFeO3 (hereinafter abbreviated as BFO) was prepared by
hydrothermal method at low cost, the crystal growth direction was selected under the control conditions, and then the current
transport properties of BFO were researched by using conductive atomic force probe, which revealed the relationship between
energy band structure, polarization direction and electrical transport studied the influence of doping on the conductivity of the
system, and then explained its novel photovoltaic effect and explored the methods to enhance its photovoltaic efficiency. In this
project, the growth control of micron single crystal grown in different orientations (001) and (111) of BFO and the growth control
of K-doped BFO nanowires was implemented. In addition, the diode characteristics and photovoltaic characteristics of BFO were
discovered. The diode properties and photovoltaic properties of PN junction are different from those of traditional PN junction,
which depend on its iron polarization rather than internal electric field. In this project, a photoelectric sensing element method
was also invented based on BFO, which can be used to prepare photoelectric sensing devices in visible/ultraviolet band by using
the visible band gap of BFO. These novel properties contain unconventional conductive mechanisms. A clear research of its
materials science and physics will greatly develop bismuth ferrite-based magnetic, ferroelectric and photoelectric coupling
multifunctional devices, and also have reference significance for the development of other transition metal oxide photovoltaic
materials.

Keywords: Bismuth Ferrite, Photovoltaic Effect, Micron Single Crystal

Key issues solved:

Material control of high quality BFO synthesis: hydrothermal growth mechanism and lattice orientation control mechanism
of BFO. The growth morphology of BFO microcrystals can be controlled by changing the reaction conditions (pH temperature)
((001)-grown square and (111)-grown hexagonal microcrystals were obtained). Interface mechanism of BFO transport
properties and photovoltaic properties and polarization voltage control mechanism: the anisotropy of transport behavior and the
influence of interface on conductivity and photovoltaic performance was researched. A method for measuring the electrical and
photoelectric properties of microcrystalline materials by conducting atomic force microscope was developed.

Research achievements:

1) Patents

No. |Category [Status [Patents Title Application no. |Authorisation no.|Inventor(s)

(1) [&BB SR | BRI EBRIRE RO RCK / DX R EHIVES % |CN201510639455.2 [ZL201510639455.2|F £
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Project 3: Investigation of the Minimization Strategies for DC-Link
Surge Voltage of Electric Vehicle Inverters

| Huiqing Wen

Programme category: The Natural Science Foundation of the Jiangsu Higher Education
Institutions of China - General Programme

Introduction: The working mode, circuit parameter optimization and the relationship between output voltage ripple and
overshoot in cascade boost circuit of electric vehicle were analyzed; the output voltage overshoot and suppression strategy of
bidirectional DC/DC converter of electric vehicle were analyzed; the working condition of electric vehicle includes frequent start-
stop, acceleration and deceleration working conditions of electric vehicles in actual operation was analysed and the influence of
operating conditions of electric vehicle motor drive system on IGBT over-voltage failure characteristics was researched.

Keywords: Electric Vehicle, Parasitic Parameters, Voltage Overshoot, Laminated Bus Bar, Finite Element Analysis

Key issues solved: The accurate simulation model of inverter drive system including main parasitic parameters was
established, the parasitic inductance of basic converter unit was estimated by comparing the transient voltage and current of
switch, and the voltage spike at IGBT turn-off was analyzed by simulation and test.

Research achievements:

1) Patent

No. [Category|Status|Patents Title Application no. |Authorisation no.|Inventor(s)

(1) | %83 B | —METRNEINNERRFENEREHREEM  |CN201510246621.2. |ZL201510246621.2 | XHEiE
ERUTTE

2) Publications (SCI, SCIE, SSCI, A&HCI, EIl only)

No. |Category |Title Author(s) Journal Title Publication Date
(1) [ScClI Practical Implementation of an Interleaved Wen, H. & Su, |Journal of Power Electronics |2015.7

Boost Converter for Electric Vehicle B.

Applications
(2) [ScClI Nonactive Power Losses Minimization in a Wen, H., Xiao, |IEEE Transactions on 2014.12

Bidirectional Isolated DC-DC Converter for  |W., & Su, B. Industrial Electronics
Distributed Power System
(3) |SCl Reactive Power and Soft-Switching Capability [Wen, H. & Su, |Journal of Power Electronics [2015.1
Analysis of Dual-Active-Bridge DC-DC B.
Converters with Dual-Phase-Shift Control

(4) |EI Reactive Power Loss Optimization Method for |Wen, H. The seventh International 2014.6
Bi-directional Isolated DC-DC Converters Power Electronics Conference
(5) |EI Modelling and MPPT Control of DFIG Wind Sijie Cai, The 4th IET Renewable Power |2015.10
Energy System Huiging Wen |Generation Conference (RPG
2015)
(6) [EI Design and Evaluation of a Solar Based Single|Haiyan Xu, The 4th IET Renewable Power |2015.10

Inductor Multiple Outputs LED Lighting Huiging Wen*, |Generation Conference (RPG

Xingshuo Li  |2015)

(7) |El Investigation on Transmission Efficiency Chi Zhang, The 11th IEEE International  |2015.6
for Magnetic Materials in a Wireless Power  [Huiging Wen [Conference on Power
Transfer System Electronics and Drive Systems
(PEDS 2015)

Project 4: Mismatch Phenomenon of Building PV Array under Partial
Shading Conditions and Differential Power Processing Solution

| Huiging Wen

Technical fields: New Energy and Efficient Energy-Saving - Solar Energy - Solar Building Integration

Programme category: Jiangsu Science and Technology Programme - Basic Research Plan (Natural
Science Foundation) - General Programme

Introduction: The purpose of this project is to explore a DPP-oriented MPPT control method based on p parameters,
which is used to solve the problem of battery mismatch in building photovoltaic power generation system so as to improve the
overall power generation efficiency and reduce the power generation cost. If this technology can effectively improve the tracking
performance and reliability, it can be applied to photovoltaic roofs, photovoltaic curtain walls, photovoltaic daylighting roofs
and other photovoltaic power generation systems of buildings, and promote the wide application of renewable energy in green
buildings.

Keywords: Solar Energy Building Integration, Power Decoupling Control of DPP Converter with Differential Power
Processing

Key issues solved: The research results of this project include the following parts:

Research result I: Research on MPPT Control with Variable Step Size Based on  Parameter

Research result Il: Systematic Comparison of Various MPPT Algorithms Including Steady-state and Dynamic Characteristics
Research result Ill: Comparison of Different DPP Schemes and Analysis of Power Flow

Research result IV: Control and Protection of DPP Photovoltaic System

In a word, the purpose of this project is to establish the power flow model in different time scales and different local
shadow modes to reveal the energy conversion relationship of building photovoltaic system converters, to analyze the influence
of different shadow shading modes on the output power mismatch of photovoltaic modules, to establish the power flow
mathematical model in different time scales, to research a new circuit topology and suppress bus voltage ripple by power
decoupling, and to research the internal circulating power between building photovoltaic structure control modules based on
differential power processing to solve the module mismatch problem. Upon nearly three years of intense scientific research, the
research group has completed the scientific research tasks drawn up in this research topic and achieved the expected research
results. In this project, the problem of battery mismatch in building photovoltaic power generation system can be solved so
as to improve the overall power generation efficiency and reduce the power generation cost. If this technology can effectively
improve the tracking performance and reliability, it can be applied to photovoltaic roofs, photovoltaic curtain walls, photovoltaic
daylighting roofs and other photovoltaic power generation systems of buildings, and promote the wide application of renewable
energy in green buildings.

Research achievements:

1) Patents

No. |Category|Status [Patents Title Application no. |Authorisation no.|Inventor(s)

(1) %8B BiE | —METHRESENZSIBERABINER [CN201710194987.9 2, XIEE

IR
(2) |[%BB g | —METIIREETHREREGE/LRE [CN201711477130.4 2, XIEE
pillyapes

121



122

@ |%B3 B |[—METERDETRADCRAMGENR |CN201711473047.X FEM, SHEE
W R 5%
(4) | %98 B |[BETRN\DREREEDCRFERINZE |CN201810844849.5 B, XIEE
EENTHATT R 2 bR
(5] | %P8 B (BT TRRMERSRNSEABINERERE |CN201810844900.2 FEWM, XHEE
(6) | %98 B | BETESNBESELERNLBRABI |CN201811328363.2 (ZL201811328363.2 |22 , XHEE
KRR A
(71 | %8 B [FEDCRREEI S CN201811364143.5 |ZL201811364143.5 |Z=E8T , XHEE
(8 | %A BIE |[—MET g SHHNSIEERABINZHIRER |CN201710172473.3 FEM, XHEE
2 ya N
(9)  |SCRFE B |—FETIIREETRICRBHZEME  [CN201721893616.1 (ZL201721893616.1 (22280 , HEE
MEEE
(10) |SERRHAEY | | —FhETERDREBMESCRAMHZWK |CN201721900367.4 |ZL201721900367.4 | Z=EH , STHER
pUES=T
2) Publications (SCI, SCIE, SSCI, A&HCI, El only)
No. |Category|Title Author(s) Journal Title Publication Date
(1) |SCl Efficiency Optimization of DC Solid- |Haochen Shi, Huiging |IEEE Transactions on 2019/4
State Transformer for Photovoltaic ~ |Wen, Yihua Hu, yong Industrial Electronics
Power Systems yang, Yiwang Wang
(2) |SCI Elimination of Photovoltaic Guanying Chu, Huiging  [IEEE Transactions on 2019/4
Mismatching with Improved Wen, Yong Yang, Yiwang |Industrial Electronics
Submodule Differential Power Wang
Processing
(3) |SCI A novel global maximum power point|Sonia Veerapen, Huiging [Solar Energy 2019/2
tracking algorithm for photovoltaic ~ [Wen, Xingshuo Li, Yang
system with variable perturbation Du, Yong Yang, Yiwang
frequency and zero oscillation Wang, Weidong Xiao
(4) |SCI Drift-Free Current Sensorless MPPT |Xingshuo li, Huiging Solar Energy 2019/1
Algorithm in Photovoltaic Systems  [Wen, Yihua Hu, Lin Jiang
(5) |SCI A Novel Sensorless Photovoltaic Xingshuo Li, Huiging IEEE Transactions on 2018/11
Power Reserve Control With Simple |Wen, Yinxiao Zhu, Lin Power Electronics
Real-Time MPP Estimation Jiang, Yihua Hu, Weidong
Xiao
(6) |SCI A novel power-increment based Xingshuo li, Huiging Solar Energy 2018/7
GMPPT algorithm for PV arrays Wen, Guanying Chu,
under partial shading conditions Yihua Hu, Lin Jiang
(7) |SCI A novel beta parameter based fuzzy- |Xingshuo li, Huiging Renewable Energy 2018/6
logic controller for photovoltaic Wen, Yihua Hu, Lin Jiang
MPPT application
(8) |[SCI Bidirectional flyback based isolated- |Guanying Chu, Huiging [Solar Energy 2017/12
port submodule differential power  |Wen, Lin Jiang, Yihua
processing optimizer for photovoltaic |Hu, Xingshuo Li
applications
(9) |El Design and Optimization of PV- Guanying Chu, Huiging {2018 IEEE International |2018/12
Isolated-Port Photovoltaic Wen Conference on Power
Differential Power Porcessing Electronics, Drives and
System Energy Systems (PEDES)
(10) |El A Novel Photovoltaic String Model  |Yadi Ma, Huiging Wen, 2018 IEEE International |2018/12
Based on the Lambert w Function for|Xingshuo Li Conference on Power
Partial Shading Conditions Electronics, Drives and
Energy Systems (PEDES)

(11) |[EI A Novel Power Incremental GMPPT  [Xingshuo Li, Huiging 2018 IEEE International [2018/12
Method based on Modified Voltage  [Wen, Yang Du, Lin Jiang, [Conference on Power
Lines for Photovoltaic System Yihua Hu, Weidong Xiao |Electronics, Drives and

Energy Systems (PEDES)

(12) |El An Improved Equivalent Model for a |Xiaoyang Wang, Huiging |2018 International Power |2018/10
Long PV String under Partial Shading|Wen, Xingshuo Li Electronics Conference
Conditions (IPEC-Niigata 2018

-ECCE Asia)

(13) [EI Evaluations of GaN-on-Si devices for |Huiging Wen, Wen Liu, |2018 14th IEEE 2018/10
Power Electronics Applications Cezhou Zhao International Conference

on Solid-State and
Integrated Circuit
Technology (ICSICT)

(14) |EI Design and optimization of the Guanying Chu, Huiging {2017 IEEE éth 2017/11
PV-virtual-bus differential power Wen, Zhaoyang Ye, International Conference
processing photovoltaic systems Xingshuo Li on Renewable

Energy Research and
Applications (ICRERA]

(15) |El A novel PV faults diagnosis method  [Xingshuo Li, Huiging 2017 IEEE éth 2017/1
based on the structure of differential |Wen, Guanying Chu, International Conference
power processing Zhaoyang Ye on Renewable

Energy Research and
Applications (ICRERA]

(16) |EI Minimum-power-tracking for PV-  |Zhaoyang Ye, Huiging {2017 IEEE éth 2017/11
PV differential power processing Wen, Guanying Chu, International Conference
systems Xingshuo Li on Renewable

Energy Research and
Applications (ICRERA]

(17) |[El A modified MPPT technique based  [Xingshuo Li, Huiging IECON 2017 - 43rd Annual|2017/10
on the MPP-locus method for Wen, Weidong Xiao Conference of the IEEE
photovoltaic system. Industrial Electronics

Society

(18] |EI Hierarchical coordinated control for |Huiging Wen, Kai Zheng, |2017 IEEE 3rd 2017/6
DC microgrid with crowbar and load |Yang Du International Future
shedding control Energy Electronics

Conference and ECCE
Asia (IFEEC 2017 - ECCE
Asia)

(19] [EI Design of a novel MPPT algorithm  |Sonia Veerapen, Huiging |2017 IEEE 3rd 2017/6
based on the two stage searching Wen, Yang Du International Future
method for PV systems under partial Energy Electronics
shading Conference and ECCE

Asia (IFEEC 2017 - ECCE
Asia)

(20) |EI Control and Protection of DC Huiging Wen, Weigiang [IEEE INTERNATIONAL  |2016/12
Microgird with Battery Energy Zhu CONFERENCE ON
Storage System POWER ELECTRONICS,

DRIVES AND ENERGY
SYSTEMS
(21) |[EI Evaluation of different Maximum Xingshuo Li, Huiging IEEE INTERNATIONAL  |2016/12

power point tracking techniques
by using EN 50530 dynamic test
standard

Wen

CONFERENCE ON
POWER ELECTRONICS,
DRIVES AND ENERGY
SYSTEMS
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(22) |EI Evaluation of Different Maximum Xingshuo Li, Huiging 6th International 2016/11
Power Point Tracking (MPPT) Wen, Yihua Hu Conference on Renewable
Techniques based on Practical Energy Research and
Meteorological Data Applications
(23) |EI Control Method for Flyback based  |Guanying Chu, Huiging  [6th International 2016/11
submodule Integrated Converter Wen, Yihua Hu Conference on Renewable
with Differential power Processing Energy Research and
Structure Applications
(24) |EI Modeling and Analysis of Coordinated|Huiging Wen, Huan Yu, |éth International 2016/11
Control Strategies in AC Microgrid  |Yihua Hu Conference on Renewable
Energy Research and
Applications

Project 5: PV System Output Power Smoothing Control Method
Based on Very Short-Term Forecasting

| Yang Du

Programme category: The Natural Science Foundation of the Jiangsu Higher Education
Institutions of China - General Programme

Introduction: Based on the rapid growth of photovoltaic grid-connected capacity and the realistic demand of power balance
adjustment in smart grid in the future, in this project, a new solution for the specific application of climbing rate control from the
perspective of improving the self-discipline control ability of photovoltaic system was proposed.

The purpose of this research is to explore a climbing rate control method without energy storage or reducing energy storage
capacity. Based on the ultra-short-term power prediction system, cloud movement and irradiation changes can be perceived
in advance, thus actively changing the operation mode of photovoltaic system and energy storage system before irradiation
changes. The research of this project will play an important role in increasing the access of photovoltaic power generation and
reducing the phenomenon of light abandonment.

Key issues solved:

The developed experimental prototype reaches the following indexes by collecting the real data of the outdoor experimental
platform and combining with simulation calculation:

e The success rate of climbing rate violation event forecast is over 98.5%

e  The power prediction accuracy is over 93%

e The success rate of smooth control is over 93.2% (which can be greatly improved through system design optimization)

e The power loss rate caused by smoothing control without energy storage is 0.64% (sunny) and 12.4% (cloudy)

e Under the condition of less energy storage, the power demand of energy storage equipment decreases by 50%, and the
power demand decreases by 75%

e The cost of a single sensor is RMB 50, which is small in size and convenient to be installed

Research achievements:

1) Copyright

No. [Category Title Author(s) Publication Date

(1) |Book chapter |Harmonic Distortion Caused by Single-Phase Grid-Connected PV Inverter |Y. Du and 2018.5

In book: Power System Harmonics - Analysis, Effects and Mitigation D.D.C.Lu
Solutions for Power Quality Improvement
2) Publications (SCI, SCIE, SSCI, A&HCI. El only)
No. |Category [Title Author(s) Journal Title Publication Date
(1) |scClI Forecasting based Power ramp rate control |X. Chen, Y. Du, H. |IEEE Transactions on 2019
strategies for Grid-tied PV systems Wen, L. Jiang and |Industrial Electronics
W. Xiao
(2) |scl MPPT Perturbation Optimization of K.Yan, Y. Duand Z.|IEEE Transaction on 2019
Photovoltaic Power Systems Based on Ren Sustainable Energy
Solar Irradiance Data Classification
(3) |EI Cloud Motion Tracking System Using Low- [C. Zhang, Y. Du, X. |IEEE International 2018
Cost Sky Imager For PV Power Ramp-Rate [Chenand D.D. C. |Conference on Industrial
Control Lu Electronics for Sustainable
Energy Systems (IESES)
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3.Municipal Projects

Project 1: Investigation into Next Generation Lithium lon Batteries
for Enhanced Power and Capacity

| LiYang

Technical fields: New Energy Technology, Energy Storage Devices

Programme category: Key Programme Special Fund (KSF) - Applied Technology Research Programme

Introduction:

Combined the previous experience of lithium ion battery preparation and two-dimensional material synthesis and
application of the undertaking unit, in this project, the practical high-performance lithium-sulfur batteries and different new
high-performance negative electrode materials batteries were developed. The research team realized the preparation of high-
density and high-quality graphene foam and high-quality thin-layer MXene nanoplates through different precursors, and tested
and characterized the quality and properties of two-dimensional materials by various means. Based on these one-dimensional
and two-dimensional materials, the research team used a variety of composite methods to prepare composite electrodes for
lithium-ion batteries with excellent performance. This improved the intercalation and removal ability of lithium ions, greatly
prolonged the cycle times of batteries, shortened the charging time of lithium-ion batteries, and obtained lithium-ion batteries
with high energy density, high stability and excellent rate performance. The specific completions are as follows:

1. Anew flexible electrode structure with silicon-copper alloy Nano-flowers grown on three-dimensional foam graphene
was prepared by a simple method. After 500 cycles, the capacity was maintained at 1269mAhg-1, and the retention rate
could reach 73%, indicating the excellent electrochemical stability of the electrode structure.

2. Nano-sized zinc oxide particles were modified on graphene three-dimensional network structure by atomic layer
deposition method, and a three-dimensional self-supporting lightweight composite material was obtained, which was
applied to the interlayer of lithium-sulfur battery, effectively improving the overall energy density and cycle stability of
the battery.

3. Application of one-dimensional carbon nanotubes in lithium-sulfur batteries and silicon negative batteries was
explored. The capacity performance and cycle performance of the composites were optimized by adjusting the ratio of
carbon nanotubes and other parameters.

4. A new two-dimensional MXene material was developed and prepared, and its application in germanium and
cobalt oxide anode materials was explored. In germanium negative battery, different aqueous binders and non-
aqueous binders were innovatively used, which regulated the microstructure of the electrode and indicated different
electrochemical properties. It has brought great inspiration to the later regulation of electrode materials and electrode
structure based on MXene.

5. Carbon black/polyethylene dioxythiophene-poly (styrene sulfonate) slurry was prepared by a simple and large-scale
physical mixing method, and it was applied to the separator modification of lithium-sulfur battery, which made the
general sulfur/carbon cathode keep the reversible capacity of 699 mAh/g even under the high current of 2C. The
interlayer has satisfying lifting effect, simple preparation and is suitable for industrial production.

6. Two-dimensional titanium carbide nanosheets (MXene) were grown by in-situ carbon nanoplates and doped with
nitrogen and nickel (N-M@CN) by one-step method, and the composites were prepared into interlayer slurry, which
was used for diaphragm modification coating. Under the combined action of the two, the interlayer coating can greatly
improve the specific capacity cycle performance of sulfur cathode, and also has a satisfying performance for cathode
with high sulfur content.

7. Atest system for high frequency capacitance response of battery was built, and the electrode stress changes of silicon
negative electrode during charge-discharge cycle were observed in situ. The pulverization of active materials during
the first charge-discharge and subsequent cycles of silicon negative electrode was also simulated according to the
observed data, and the corresponding stress-capacitance model was established.

8. 13 SCl papers have been published, 9 patents are under trial, and 5 patents are authorized.
9. Five conference presentations were submitted to international conferences related to science and industry.
10. 5doctoral students and 5 master students were trained.

Keywords: Lithium lon Battery, Interlayer, Two-Dimensional Material, High Energy Density

Key issues solved:

The preparation of high-density and high-quality graphene foam and high-quality thin-layer MXene nanoplates through
different precursors was realized, and the quality and properties of two-dimensional materials were tested and characterized
by various means. Based on new one-dimensional and two-dimensional materials, a series of new negative electrode, sulfur
positive electrode and separator/interlayer materials with high performance were developed to fully understand the reduction
and oxidation pathways in lithium-sulfur batteries and lithium-silicon batteries, research the mechanism of lithium intercalation/
delithium process, and master the electrochemical and chemical processes during the charging and discharging of positive
and negative electrodes. In terms of lithium-sulfur battery, the polysulfide adsorption capacity of sulfur cathode was greatly
improved, and then the specific capacity cycle performance of sulfur cathode was improved, and the cathode material of lithium-
sulfur battery with high performance and high sulfur content was obtained. In terms of new negative electrode materials, the
conductivity of negative electrode materials was significantly improved by different electrode material composite methods, and
the stress and fragmentation caused by volume expansion were alleviated. A new negative electrode of lithium ion battery with

stable cycle performance and high rate performance was obtained.

Research achievements:

1) Patents

No. |Category Status|Patents Title Application no.  [Authorisation no.|Inventor(s)
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(10) [ScCl 3D-structured multi-walled carbon  [Yinchao Zhao, Chenguang Journal of Alloys  |2019/06/25
nanotubes/copper nanowires Liu, Yi Sun, Ruowei Yi, Yutao and Compounds
composite as a porous current Cai, Yinging Li, lvona Mitrovic,
collector for the enhanced silicon- Stephen Taylor, Paul Chalker, Li
based anode Yang, Cezhou Zhao
(11) |SCI Facile preparation of Co304 Yinchao Zhao, Chenguang Liu, [Electrochimica 2020/04/09
nanoparticles incorporating with Ruowei Yi, Zigian Li, Yanbing Acta
highly conductive MXene nanosheets [Chen, Yinging Li, lvona Mitrovic,
as high-performance anodes for Stephen Taylor, Paul Chalker, Li
lithium-ion batteries Yang, Cezhou Zhao
(12) [Scl A high conductive TiC-Ti02/SWCNT/S |Xianwei Geng, Ruowei Yi, Journal of Alloys  |2020/08/20
composite with effective polysulfides |Xiangfei Lin, Chenguang Liu, Yi [and Compounds
adsorption for high performance Li-S |Sun, Yingchao Zhao, Yinging Li,
batteries Ivona Mitrovic, Rui Liu, Li Yang,
Cezhou Zhao
(13) |SClI Enhanced electrochemical Chenguang Liu, Yinchao Zhao, |Electrochimica 2020/08/13

performance by GeOx-Coated MXene
nanosheet anode in lithium-ion
batteries

Ruowei Yi, Hao Wu, Wenbin
Yang, Yinging Li, lvona Mitrovic,
Stephen Taylor, Paul Chalker,
Rui Liu, Li Yang, Cezhou Zhao

Acta
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2) Publications (SCI, SCIE, SSCI, A&HCI, EI only)
No. (Category [Title Author(s) Journal Title Publication Date
(1) |scl Isothermal Sulfur Condensation Xianwei Geng, Ruowei Yi, Journal of 2018/04/30
into Carbon Nanotube/Nitrogen- Zhiming Yu, Cezhou Zhao, Materials Science:
doped Graphene Composite for Yinging Li, Qiuping Wei, Materials in
High Performance Lithium-Sulfur Chenguang Liu, Yinchao Zhao, [Electronics
Batteries Bing Lu, Li Yang
(2) |scCl Carbon-contacted single molecule  |Chunhui He, Qian Zhang, Shuhui|Physical Chemistry [2018/06/21
electrical junctions Tao, Cezhou Zhao, Chun Zhao, |Chemical Physics
Weitao Su, Yannick J Dappe,
Richard J Nichols, Li Yang
(3) |scCl Porous Activated Carbons Yudan Yuan, Ruowei Yi, Yi Sun, |Journal of 2018/08/05
Derived from Pleurotus eryngii for Jiangiao Zeng, Jiaqi Li, Jiahao |Nanomaterials
Supercapacitor Applications Hu, Yinchao Zhao, Wei Sun,
Chun Zhao, Li Yang, Cezhou
Zhao
(4) |SCI Technical Effects of Molecule- Qian Zhang, Shuhui Tao, Yingi  |The Journal of 2018/09/18
Electrode Contacts in Graphene- Fan, Cezhou Zhao, Chun Zhao, |Physical Chemistry
Based Molecular Junctions Weitao Su, Yannick J Dappe, C
Richard J Nichols, Li Yang
(5] [SCl Graphene-Contacted Single Molecular|Shuhui Tao, Qian Zhang, ACS Applied Nano [2018/12/17
Junctions with Conjugated Molecular |Chunhui He, Xiangfei Lin, Materials
Wires Ruochen Xie, Cezhou Zhao,
Chun Zhao, Alexander
Smogunov, Yannick J Dappe,
Richard J Nichols, Li Yang
(6) [SCI A light-weight free-standing graphene|Ruowei Yi, Chenguang Liu, Electrochimica 2019/01/03
foam-based interlayer towards Yinchao Zhao, Laurence J Acta
improved Li-S cells Hardwick, Yinging Li, Xianwei
Geng, Qian Zhang, Li Yang,
Cezhou Zhao
(7) |SCI Alloyed Cu/Si core-shell nanoflowers |Chenguang Liu, Yinchao Zhao, |Electrochimica 2019/03/17
on the three-dimensional graphene  |Ruowei Yi, Yi Sun, Yinging Li, Li |Acta
foam as an anode for lithium-ion Yang, Ivona Mitrovic, Stephen
batteries Taylor, Paul Chalker, Cezhou
Zhao
(8] |[SCl Effect of Asymmetric Anchoring Chunhui He, Qian Zhang, Yingi  [ChemPhysChem  [2019/06/26
Groups on Electronic Transport in Fan, Cezhou Zhao, Chun Zhao,
Hybrid Metal/Molecule/Graphene Jingyao Ye, Yannick Dappe,
Single Molecule Junctions Richard Nichols, Li Yang
(9) [SCI Fabrication of a light-weight dual- Ruowei Yi, Xiangfei Lin, Yinchao |ChemElectroChem |2016/06/13
function modified separator towards |Zhao, Chenguang Liu, Yinging
high-performance lithium-sulfur Li, Laurence J Hardwick, Li
batteries Yang, Cezhou Zhao, Xianwei
Geng, Qian Zhang
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Project 2: Research on the Intelligent PV Module Aging Detection and
Fault Diagnosis Based on the GaN Power Integration Technique

| Huiging Wen

Technical fields: New Energy and Energy-Saving - Solar Energy

Programme category: Key Industrial Technology Innovation - Prospective Applied Basic Research Project

Introduction: In this project, the main advantages of the third generation wide band gap semiconductor gallium nitride
(GaN) materials, such as fast electron saturation drift speed and high breakdown field strength, will be utilized completely so
that they could be applied to high-power electron energy conversion, wind energy, solar energy converters and other aspects.
Specifically, the typical photovoltaic aging modes, including discoloration, delamination, fragmentation and hot spots, were
focused in this project. A PV module aging detection and fault diagnosis technology based on gallium nitride device and
differential power processing (DPP) technology was proposed by analyzing the main methods of PV module aging detection,
including electroluminescent method, ultraviolet fluorescence method, infrared image analysis method and I-V curve
measurement method. In this project, the defect that ultraviolet fluorescence method and electroluminescence must run in a
light-tight box and are not suitable for outdoor testing, the shortcomings of tedious detection steps, and non-intuitive results
and inability to be digitized by infrared image analysis method could be solved. The bottleneck of detection speed of |-V curve
measurement method could also be broken through, and a new photovoltaic module aging detection device could be developed.
Thus, the findings could greatly reduce the difficulty and cost of photovoltaic module aging and troubleshooting, and promote the
development of renewable energy industry.

During the implementation of this research project, on the basis of the established research plan, combining with the
research practice in the process of project implementation and referring to the latest research progress in this research field
domestically and internationally, the members of research group confirmed the converter topology and corresponding control
algorithm based on Differential Power Processing (DPP) structure, researched the relationship function between the output
side current of the converter and the aging of photovoltaic modules. By measuring the direction and magnitude of the input
side current of the converter, the influence of switching noise was suppressed and the measurement accuracy was improved,
the DPP structure control algorithm was determined and the minimum power optimization algorithm was adopted to improve
the energy output and transmission efficiency. The characteristics of GaN Field Effect Transistor (FET) were also researched,
including static and dynamic characteristics at high temperature and high frequency. The influence of stray capacitance and
inductance in high frequency driving circuit was researched, the layout design of driving circuit and suppress high frequency
oscillation optimized. The integrated power module based on GaN power device was also researched and developed, including
driving circuit, protection circuit and heat dissipation components, the integrated parameters was extracted, and the internal
current and temperature distribution was analyzed. Part of the research results of this project have been published in well-
known SCl journals in the electrical field.

Keywords: GaN Power Integration Unit, Photovoltaic Aging, Differential Power Processing, Stray Inductance, Power Density

Key issues solved:
The research results of this project include the following parts:

Research result |: Development of Integrated Power Module Based on GaN Device

Research result II: Research on Application of GaN Devices in Renewable Energy

Research result Ill: Research on Power Flow Analysis and Control Optimization of DPP
Research result IV: Aging Detection Technology of Photovoltaic Module Based on DPP Structure

In a word, the purpose of this research is to develop a Gallium Nitride (GaN) power integration unit compatible with Si-
CMQOS process, which can significantly reduce the cost and highlight the unique advantages of gallium nitride materials. For

this purpose, the main goal of this project is to develop gallium nitride power integration technology compatible with low-cost

Si-CMQOS process, and realize gallium nitride power integration unit with high efficiency and high power density, which is used
in the fields of aging detection and fault diagnosis of photovoltaic modules. Related circuit protection design and technical
implementation scheme of the whole system will also be carried out while implementing the project. Upon nearly three years
of intense scientific research, the research group has completed the scientific research tasks drawn up in this research topic
and achieved the expected research results. For details, please refer to the research situation of research objectives. From the
research results of this research topic, it can be seen that the topic selection of this research is satisfying in theory, strong in
application, better in breakthrough point, accurate and feasible. In this project, the defect that ultraviolet fluorescence method
and electroluminescence must run in a light-tight box and are not suitable for outdoor testing, the shortcomings of tedious
detection steps, and non-intuitive results and inability to be digitized by infrared image analysis method could be solved. The
bottleneck of detection speed of |-V curve measurement method could be broken through, and a new photovoltaic module
aging detection device could be developed, thus greatly reducing the difficulty and cost of photovoltaic module aging and
troubleshooting and promoting the development of renewable energy industry.

Research achievements:

1) Patents

No. |Category Status |Patents Title Application no. |Authorisation no.|Inventor(s)
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2) Publications (SCI, SCIE, SSCI, A&HCI, El only)

No. [Category |Title Author(s) Journal Title Publication Date

(1) |scl Efficiency Optimization of DC Solid- Haochen Shi, Huiging IEEE Transactions on {2020.5
State Transformer for Photovoltaic Wen, Yihua Hu, yong yang, |Industrial Electronics
Power Systems Yiwang Wang

(2) |SCI Elimination of Photovoltaic Guanying Chu, Huiging IEEE Transactions on {2020.4
Mismatching with Improved Submodule[Wen, Yong Yang, Yiwang Industrial Electronics
Differential Power Processing Wang

(3} |scCl A novel global maximum power point |Sonia Veerapen, Huiging |Solar Energy 2019.2

tracking algorithm for photovoltaic
system with variable perturbation
frequency and zero oscillation

Wen, Xingshuo Li, Yang Du,
Yong Yang, Yiwang Wang,
Weidong Xiao
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(4) |SCI Drift-Free Current Sensorless MPPT  |Xingshuo li, Huiging Wen, |Solar Energy 20191
Algorithm in Photovoltaic Systems Yihua Hu, Lin Jiang
(5) |SCl A Novel Sensorless Photovoltaic Power |Xingshuo Li, Huiging Wen, |IEEE Transactions on (2018.11
Reserve Control With Simple Real- Yinxiao Zhu, Lin Jiang, Power Electronics
Time MPP Estimation Yihua Hu, Weidong Xiao
(6) [SCI A novel power-increment based Xingshuo li, Huiging Wen, [Solar Energy 2018.7
GMPPT algorithm for PV arrays under |Guanying Chu, Yihua Hu,
partial shading conditions Lin Jiang
(7)  |SCI A novel beta parameter based fuzzy-  |Xingshuo li, Huiging Wen, |Renewable Energy  |2018.6
logic controller for photovoltaic MPPT  [Yihua Hu, Lin Jiang
application
(8] |SCl Power rating analysis and protection  |Peng Dong, Huiging Wen, |Solar Energy 2019.11
for photovoltaic-isolated port based Guanying Chu, Yong Yang,
differential power processing system  |Yiwang Wang
(9) SCI Low-Complexity Power-Balancing- G. Chu, H. Wen, Y. Hu, L. |EEE Transactions on [2020.3
Point Based Optimization for Jiang, Y. Yang and Y. Wang |Power Electronics
Photovoltaic Differential Power
Processing
(10) |EI Design and Optimization of PV- Guanying Chu, Huiging 2018 IEEE 2018.12
Isolated-Port Photovoltaic Differential |Wen International
Power Porcessing System Conference on Power
Electronics, Drives
and Energy Systems
(PEDES)
(11) |El A Novel Photovoltaic String Model Yadi Ma, Huiging Wen, 2018 IEEE 2018.12
Based on the Lambert w Function for |Xingshuo Li International
Partial Shading Conditions Conference on Power
Electronics, Drives
and Energy Systems
(PEDES])
(12) |El A Novel Power Incremental GMPPT Xingshuo Li, Huiging Wen, (2018 IEEE 2018.12
Method based on Modified Voltage Yang Du, Lin Jiang, Yihua [International
Lines for Photovoltaic System Hu, Weidong Xiao Conference on Power
Electronics, Drives
and Energy Systems
(PEDES])
(13) |El An Improved Equivalent Model for a Xiaoyang Wang, Huiging {2018 International ~ |2018.10
Long PV String under Partial Shading [Wen, Xingshuo Li Power Electronics
Conditions Conference (IPEC-
Niigata 2018-ECCE
Asia)
(14) |El Evaluations of GaN-on-Si devices for  |Huiging Wen, Wen Liu, 2018 14th IEEE 2018.10

Power Electronics Applications

Cezhou Zhao

International
Conference on Solid-
State and Integrated
Circuit Technology
(ICSICT)

(15) |[EI Design and optimization Of the Guanying Chu, Huiging 2017 IEEE 6th 2017.11
PV-virtual-bus differential power Wen, Zhaoyang Ye, International
processing photovoltaic systems Xingshuo Li Conference
on Renewable
Energy Research
and Applications
(ICRERA]
(16) |EI A novel PV faults diagnosis method Xingshuo Li, Huiging Wen, |2017 IEEE 6th 2017.11
based on the structure of differential ~ |Guanying Chu, Zhaoyang |International
power processing Ye Conference
on Renewable
Energy Research
and Applications
(ICRERA]
(17) |[El Minimum-power-tracking For PV-PV  |Zhaoyang Ye, Huiging Wen, |2017 IEEE 6th 2017.11
differential power processing systems [Guanying Chu, Xingshuo Li |International
Conference
on Renewable
Energy Research
and Applications
(ICRERA]
(18] |El A modified MPPT technique based on |Xingshuo Li, Huiging Wen, [IECON 2017-43rd 2017.10
the MPP-locus method for photovoltaic | Weidong Xiao Annual Conference
system. of the IEEE Industrial
Electronics Society
(19] |EI An Adaptive Ramp-Rate Control for Q. Xu, H. Wen, Y. Zhu and X.|APPEEC 2019 2019.12
Photovoltaic System to Mitigate Output |Li IEEE PES Asia-
Fluctuation Pacific Power and
Energy Engineering
Conference
(20] |EI Modeling and Simulation Test for X.Wang, H. Wen and Y. Zhu [APPEEC 2019 2019.12
Voltage Multiplier and an LLC Resonant IEEE PES Asia-
Inverter as a Voltage Equalizer Pacific Power and
Energy Engineering
Conference
(21) |El Power generation and performance H.D.M.R.Pereraand H. 2019 18th 2019.8
analysis of Bi-facial vs Mono-facial Wen International
10KW Photovoltaic power station Conference on Optical
Communications and
Networks (ICOCN)
(22) |EI Differential Power Processing based  |H. Wen, C. Lin and G. Chu 2019 18th 2019.8
Photovoltaic Power Systems: A Review International
Conference on Optical
Communications and
Networks (ICOCN)
(23) |EI Performance of Submodule Level P. Dong, H. Wen, G. Chu 2019 IEEE 10th 2019.6

Differential Power Processing
Architecture In Mismatched PV
Systems

and B. Xu

International
Symposium on
Power Electronics
For Distributed
Generation Systems
(PEDG)
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(24) |(EI An Adaptive Constant Power Generation|Y. Zhu, H. Wen, G. Chu and 12019 10th 2019.5
Control Scheme with Simple MPP X.Li International
Estimation for Photovoltaic Systems Conference on Power
Electronics And ECCE
Asia (ICPE 2019 -
ECCE Asia)
(25] |El Evaluation of MPPT and APC X. Liand H. Wen 2019 10th 2019.5
Performance Connected with Different International
DC Load Types Conference on Power
Electronics And ECCE
Asia(ICPE 2019 -
ECCE Asia)
(26) |EI Design and Evaluation of GaN-based |L. Kang, H. Wen, Q. Bu and {2019 International 2019.6
Over Temperature Protection Circuit ~ [W. Liu Conference on
IC Design and
Technology (ICICDT)
(27) |El Design of GaN-based Voltage Reference(X. Chen, H. Wen, Q. Bu and |2019 International ~ |2019.6
Circuit for a Wide-Temperature-Range [W. Liu Conference on
Operation IC Design and
Technology (ICICDT)
(28) |EI Experimental Comparison of AlGaN/  |Q. Bu, Y. Cai, M. cui, H. Wen|2019 International 2019.6
GaN-on-Si Schottky Barrier Diode With [and W. Liu Conference on
and Without Recessed Anode IC Design and
Technology (ICICDT)
(29) |EI Design and Evaluation of AlGaN/GaN  |B. Sun, H. Wen, Q. Buand {2019 International 2019.6

High Electron Mobility Transistor
Comparator

W. Liu

Conference on
IC Design and
Technology (ICICDT)

Project 3: Graphene-Based Lithium lons Batteries

| LiYang

Technical fields: New Energy and Energy-Saving - New Battery with High Efficiency

Programme category: Suzhou Science and Technology Development Planning Programme
- Key Industrial Technology Innovation - Prospective Applied Basic Research Project

Introduction: In this project, combining the experimental basis of preparing graphene materials from Xi'an Jiaotong-
Liverpool University and the conductive graphene paste from Suzhou Graphene Nanotechnology Co., Ltd., a practical graphene/
silicon-based lithium battery was developed. With the catalyst as the precursor, the research team realized the growth and
preparation of high-density and high-quality three-dimensional graphene, continuously optimized the composite process,
explored the preparation of foamed nickel three-dimensional graphene filled with nickel catalyst and its composite materials,
and finally obtained graphene with a thickness of 1-10 layers. In the design of new lithium battery, a flexible lithium ion battery
anode material with three-dimensional graphene as slip ring and silicon-copper alloy Nano-flower with hollow structure as
active material was developed, and a lithium ion battery with high capacity energy storage, high cycle stability and excellent rate
capacity performance was obtained.

Keywords: Lithium Battery, Flexible Anode Material, Three-Dimensional Graphene, High Capacity

Key issues solved:

1. Preparation technology of three-dimensional grid graphene with controllable density: In this project, high-quality three-
dimensional graphene network structure was grown by adjusting the structure and size of catalyst and using chemical
vapor deposition. To improve the mechanical, electrical and thermal properties of graphene grown from nickel foam, a
three-dimensional graphene preparation with controllable density was developed by loading nickel salt on nickel foam,
and the electrical and thermal conductivity of the composites were obviously improved.

2. Preparation technology of graphene/silicon-based electrode materials with high capacity three-dimensional grid:
Graphene three-dimensional network structure developed in the early stage was used as the slip ring part of the
electrode, the flexible cathode material of lithium ion battery with hollow-structure silicon-copper alloy Nano-flower
as active material was prepared. The three-dimensional graphene network structure provided excellent magnification
performance for the electrode, and the compounding of copper greatly improved the conductivity of silicon. However,
because of its unique stress distribution, the hollow Nano-flower-like structure could greatly slow down the stress of
silicon during the expansion of lithium intercalation, prevent the electrode structure from collapsing and the active
material from breaking away from the slip ring, thus improving the cyclic stability of the whole material system.
Moreover, the high thermal conductivity of graphene can quickly export the heat in the operation of the battery and
improve the safety of the battery. Through the battery performance test, the excellent electrochemical stability of the
electro