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[PDF] The COVID-19 vaccine development landscape
1T Le, Z Andreadakis, A Kumar, RG Roman... - Nat Rev Drug ..., 2020 - researchgate.net

Profile of vaccine developers. Of the confirmed active vaccine candidates, 56 (72%) are
being developed by private/industry developers, with the remaining 22 (28%) of projects ...
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[HTML] Recent advances in deep learning
X Wang, Y Zhao, F Pourpanah - International Journal of Machine Learning ..., 20

With the recent advancement in digital technologies, the size of data sets has bec
large in which traditional data processing and machine learning techniques are nc
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Robust and efficient quadrotor trajectory generation for fast autonomous flight
B Zhou, F Gao, L Wang, C Liu... - IEEE Robotics and ..., 2019 - ieeexplore.ieee.org

In this letter, we propose a robust and efficient quadrotor motion planning system for fast
flight in three-dimensional complex environments. We adopt a kinodynamic path searching ...

wRfE YSIA WSIRARE: 129 HBXXE a6 MER

[HTML] Data driven model free adaptive iterative learning perimeter control for

large-scale urban road networks
Y Ren, Z Hou, Il Sirmatel, N Geroliminis - Transportation Research Part C ..., 2020 - Elsevier

Most perimeter control methods in literature are the model-based schemes designing the
controller based on the available accurate macroscopic fundamental diagram (MFD) ...
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A novel robust fuzzy integral sliding mode control for nonlinear semi-Markovian
jump T-S fuzzy systems

B Jiang, HR Karimi, Y Kao, C Gao - IEEE Transactions on Fuzzy ..., 2018 - dl.acm.org

This paper addresses the issue of robust fuzzy sliding mode control for continuous-time

nonlinear Takagi—Sugeno fuzzy systems with semi-Markovian switching. The focus is on ...
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Fault analysis and debugging of microservice systems: Industrial survey,
benchmark system, and empirical study
X Zhou, X Peng, T Xie, J Sun, C Ji... - IEEE Transactions on ..., 2018 - ieeexplore.ieee.org

... Our findings also suggest that there is a strong need for more intelligent trace analysis and
visualization, eg, by combining trace visualization and improved fault localization, and ...
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[HTML] Drug treatments for covid-19: living systematic review and network meta-
analysis

RAC Siemieniuk, JJ Bartoszko, L Ge, D Zeraatkar... - Bmj, 2020 - bmj.com

Objective To compare the effects of treatments for coronavirus disease 2019 (covid-19).

Design Living systematic review and network meta-analysis. Data sources WHO covid-19 ...
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Extended state observer-based data-driven iterative learning control for
permanent magnet linear motor with initial shifts and disturbances
Y Hui, R Chi, B Huang, Z Hou - IEEE Transactions on Systems ..., 2019 - ieeexplore.ieee.org

... Therefore, an iterative dynamic linearization (IDL) method is developed in ... rejection control [34]
Is also a data-driven approach, where ... In [37], an adaptive ESO-based ADRC is proposed ...
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Iterative learning control for intermittently sampled data: Monotonic = W)
convergence, design, and applications”
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1474 IEEE TRANSACTIONS ON PATTERN ANALYSIS AND MACHINE INTELLIGENCE, VOL. 44, NO. 3, MARCH 2022

Multi-Task Learning With Coarse Priors for
Robust Part-Aware Person Re-ldentification

Changxing Ding™, Member, IEEE, Kan Wang, Pengfei Wang' , and Dacheng Tao ", Fellow, IEEE
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DYNAMIC EVENT-TRIGGERED LEADER-FOLLOWER

CONSENSUS CONTROL FOR MULTIAGENT SYSTEMS™

XIAOQUN WUT, BING MAOT, XIUQI WUt, AND JINHU LU#
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Knowledge transferred adaptive filter pruning for CNN compression and
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Current address: School of Mathematics and Statistics, Northeast Normal
University, Changchun , China {7} Current address: School of Mathematical
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Deep residual learning for image recognition
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K He, X Zhang, S Ren, J Sun - Proceedings of the IEEE ..
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Nonlinear output-feedback tracking in multiagent
systems with an unknown leader and directed
communication
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Key-Performance-Indicator-Related Process
Monitoring Based on Improved Kernel
Partial Least Squares

Yabin Si, Youging Wang *?, Senior Member, IEEE, and Donghua Zhou ™, Fellow, IEEE

Abstract—Although the partial least squares approach is
an effective fault detection method, some issues of non-
linear process monitoring related to key performance in-
dicators (KPls) still exist. To address the nonlinear char-
acteristics in the industrial processes, kernel partial least
squares (KPLS) method was proposed in the literature.
However, the KPLS method also faces some difficulties in
fault detection. None of the existing KPLS methods can
accurately decompose measurements into KPl-related and
KPl-unrelated parts, and these methods usually ignore the
fact that the residual subspace still contains some KPI-
related information. In this article, a new improved KPLS
method, which considers the KPl-related information in the
residual subspace, has been proposed for KPl-related pro-
cess monitoring. First, the proposed method performs gen-
eral singular value decomposition (GSVD) on the calculable
loadings based on the kernel matrix. Next, the kernel matrix
can be suitably divided into KPl-related and KPl-unrelated
subspaces. Besides, we present the design of two statistics
for process monitoring as well as a detailed algorithm per-
formance analysis for kernel methods. Finally, a numerical
case and Tennessee Eastman benchmark process demon-
strate the efficacy and merits of the improved KPLS-based
method.

Index Terms—Fault detectability analysis, fault detection,
kernel partial least squares (KPLS), key performance indi-
cator (KPI), nonlinear, process monitoring.

1. INTRODUCTION

to obtain massive amounts of data. Considering that

W ITH the advances in technology. it is becoming easier

Manuscript received January 28, 2019; revised April 22, 2019, July
1, 2019, and October 7, 2019; accepted November 11, 2019. Date of
publication February 13, 2020; date of current version November 18,
2020. This work was supported in part by the National Natural Science
Foundation of China under Grant 61822308 and Grant 61751307, in part
by the Natural Science Foundation of Shandong Province under Grant
J0201812, and in part by the Research Fund for the Taishan Scholar
Project of Shandong Province of China. (Corresponding author: Youging
Wang.)

Yabin Si is with the College of Information Science and Technol-
ogy, Beijing University of Chemical Technology, Beijing 100029, China

the data usually comprise information in the form of multiple
variables, multivariate methods are widely used to capture the
relations of variables. Moreover, multivariate statistical process
monitoring (MSPM) technique [1]-{7] is effective for fault de-
tection and diagnosis in modern industrial processes. Common
MSPM methods are principal component analysis (PCA) [8],
[9]. partial least squares (PLS) [10]. [11], independent com-
ponent analysis [12], [13]. These methods only use the offline
training data to establish a universal model and then use the
model to monitor abnormal operational conditions and give
necessary alarms. Recently, the authors and other coworkers
presented a survey paper to summarize statistics of published
papers and patents concerning MSPM methods over the past
decade [14].

Key performance indicators (KPlIs) in industrial processes,
such as the product quality variables or central parameters of
major devices, are vital. From the view of safety and economic
benefits, industrial processes require an appropriate fault detec-
tion and diagnosis method that considers KPIs. However, KPIs
are hard to obtain online because of a significant time delay.
Therefore. it is necessary to construct a model between the KPIs
and process measurements [15], [16]. The existing approaches
for KPI-related process monitoring include linear regression
based approaches [17], [18], principal component regression
based approaches [19], [20]. PLS-based approaches [21]-[23],
and canonical correlation analysis based approaches [24], [25].
Among the existing approaches, PLS-based approaches are the
most known approaches in MSPM for dealing with KP1 issues,
and many successful PLS-based approaches have been studied
for KPI-related process monitoring [26]-[32].

Furthermore. nonlinearity is common in practical industrial
processes, and the standard PLS technique faces difficulties in
dealing with nonlinear process monitoring. This can be solved
using a kernel partial least squares (KPLS) technique [33]. [34].
On the basis of nonlinear iterative PLS [35], [36], the classical
KPLS algorithm iteratively decomposes the input space into

Manuscript received January 28, 2019; revised April 22, 2019, July
1, 2019, and October 7, 2019; accepted November 11, 2019. Date of
publication February 13, 2020; date of current version November 18,
2020. This work was supported in part by the National Natural Science
Foundation of China under Grant 61822308 and Grant 61751307, in part
by the Natural Science Foundation of Shandong Province under Grant
JQ201812, and in part by the Research Fund for the Taishan Scholar
Project of Shandong Province of China. (Corresponding author: Youqing
Wang.)

Yabin Si is with the College of Information Science and Technol-
ogy, Beijing University of Chemical Technology, Beijing 100029, China
(e-mail: siyabin@163.com).

Youqging Wang is with the Shandong University of Science and
Technology, Qingdao 266590, China, and also with the Beijing
University of Chemical Technology, Beijing 100029, China (e-mail:
wang.youging@ieee.org).

Donghua Zhou is with the Shandong University of Science and Tech-
nology, Qingdao 266590, China (e-mail: zdh@tsinghua.edu.cn).

Color versions of one or more of the figures in this article are available
online at https://ieeexplore.ieee.org.
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Contents lists available at ScienceDirect

automatica

Automatica

journal homepage: www.elsevier.com/locate/automatica

Distributed adaptive Newton methods with global superlinear )
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Jiaqi Zhang?, Keyou You ** Tamer Basar®

3 Department of Automation, and BNRist, Tsinghua University, Beijing 100084, China
b Coordinated Science Laboratory, University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA

ARTICLE 1NFO ABSTRACT

Article history: This paper considers the distributed optimization problem where each node of a peer-to-peer network
Received 13 April 2021 minimizes a finite sum of objective functions by communicating with its neighboring nodes. In sharp
Received in revised form 2 October 2021 contrast to the existing literature where the fastest distributed algorithms converge either with a

Accepted 30 November 2021
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global linear or a local superlinear rate, we propose a distributed adaptive Newton (DAN) algorithm
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> Abstract—A miniversion of
the paper

Deep learning and process understanding
for data-driven Earth system science

Markus Reichsteinb2*¥, Gustau Camps-Valls?, Bjorn Stevens?, Martin Jung', Joachim Denzler?>, Nuno Carvalhais!-® & Prabhat’

Machine learning approaches are increasingly used to extract patterns and insights from the ever-increasing stream of
geospatial data, but current approaches may not be optimal when system behaviour is dominated by spatial or temporal
context. Here, rather than amending classical machine learning, we argue that these contextual cues should be used as
part of deep learning (an approach that is able to extract spatio-temporal features automatically) to gain further process
understanding of Earth system science problems, improving the predictive ability of seasonal forecasting and modelling
of long-range spatial connections across multiple timescales, for example. The next step will be a hybrid modelling
approach, coupling physical process models with the versatility of data-driven machine learning.
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In this paper, we propose a novel PM framework

] yﬁxpg?‘?ng%ﬁ,&%% ¥+ RE TR L, Using spatiotemporal PCA, where the spatial

prior 1s Incorporated to preserve the cause—

\ 2 .

O =RAA: effect relationship of process variables, and
ARINEHEREX the temporal prior is embedded to maintain the
TR EERRZ geometric  Structure of process samples.

. Moreover, a sparse regularization term 1S
RN RAR G & introduced to filter out noise, thereby
improving the monitoring performance. In
algorithms, an efficient and convergent
optimization scheme 1is developed using the
alternating direction method of multipliers
(ADMM) in a symmetric Gauss—Seidel (sGS)

manner. Finally, the Iimproved monitoring
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How to construct a Nature summary paragraph

Annotated example taken from Nature 435, 114-118 (5 May 2005).

One or two sentences providing a basic introduction to the field,
comprehensible to a scientist in any discipline.

Two to three sentences of more detailed background, comprehensible
to scientists in related disciplines.

One sentence clearly stating the general problem being addressed by
this particular study.

One sentence summarizing the main result (with the words “here we
show” or their equivalent).

Two or three sentences explaining what the main result reveals in direct
comparison to what was thought to be the case previously, or how the
main result adds to previous knowledge.

One or two sentences to put the results into a more general context.

Two or three sentences to provide a broader perspective, readily
comprehensible to a scientist in any discipline, may be included in the
first paragraph if the editor considers that the accessibility of the paper
is significantly enhanced by their inclusion. Under these circumstances,
the length of the paragraph can be up to 300 words. (This example is
190 words without the final section, and 250 words with it).

During cell division, mitotic spindles are assembled by microtubule-
based motor proteins™. The bipolar organization of spindles is
essential for proper segregation of chromosomes, and requires plus-
end-directed homotetrameric motor proteins of the widely conserved
kinesin-5 (BimC) family’. Hypotheses for bipolar spindle formation
include the ‘push—pull mitotic muscle’ model, in which kinesin-5 and
opposing motor proteins act between overlapping microtubules™”.
However, the precise roles of kinesin-5 during this process are
unknown. Here we show that the vertebrate kinesin-5 Eg5 drives

the sliding of microtubules depending on their relative orientation.
We found in controlled in vitro assays that Eg5 has the remarkable
capability of simultaneously moving at ~20 nm s™ towards the plus-
ends of each of the two microtubules it crosslinks. For anti-parallel
microtubules, this results in relative sliding at ~40 nm s™, comparable
to spindle pole separation rates in vivo®, Furthermore, we found

that Eg5 can tether microtubule plus-ends, suggesting an additional
microtubule-binding mode for Eg5. Our results demonstrate

how members of the kinesin-5 family are likely to function in
mitosis, pushing apart interpolar microtubules as well as recruiting
microtubules into bundles that are subsequently polarized by relative
sliding. We anticipate our assay to be a starting point for more
sophisticated in vitro models of mitotic spindles. For example, the
individual and combined action of multiple mitotic motors could be
tested, including minus-end-directed motors opposing Eg5 motility.
Furthermore, Eg5 inhibition is a major target of anti-cancer drug
development, and a well-defined and quantitative assay for motor
function will be relevant for such developments.
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TEEE TRANSACTIONS ON AUTOMATIC CONTROL, VOL. AC-23, No. 4, AuGusT 1978

Guaranteed Margins for LQG Regulators

10P FTC bb»
10P PUBLISHING JournaL oF PrYSICS A: MATHEMATICAL AND THEORETICAL J DHN C- mYLE
J. Phys. A: Math. Theor. 44 (2011) 492001 (5pp) doi: 10.1088/1751-8113/44/49/492001
FAST TRACK COMMUNICATION Abstract—There are none.

Can apparent superluminal neutrino speeds be
explained as a quantum weak measurement? .
Bulletin of the

MYV Bcrryl, N Brunner', S Pupcscu' and P Shukla’

Seismological Society of America

! H H Wills Physics Laboratory, Tyndall Avenue, Bristol BS8 1TL, UK
2 Department of Physics, Indian Institute of Technology, Kharagpur, India

Received 12 October 2011, in final form 27 October 2011 Vol No. 5
Published 11 November 2011 ol. 64 October 1974
Online at stacks.iop.org/JPhysA/44/492001

Abstract IS THE SEQUENCE OF EARTHQUAKES IN SOUTHERN CALIFORNIA,
Probably not. WITH AFTERSHOCKS REMOVED, POISSONIAN?

PACS numbers: 03.65.Ta, 03.65.Xp, 14.60.Pq By J. K. GArDNER and L. KNOPOFF

ABSTRACT
Yes,
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Abstract—Sparse regression based feature selection method has been extensively investigated these years. However, because it has
a non-convex constraint, i.e., £, ,-norm constraint, this problem is very hard to solve. In this paper, unlike most of the other methods
which only solve its slack version by introducing sparsity regularization into objective function forcibly, a novel framework is proposed by us
to solve the original £, ;-norm constrained sparse regression based feature selection problem. We transform our objective function into
Linear Discriminant Analysis (LDA) by using a new label coding method, thus enabling our model to calculate the ratio of inter-class scatter
tointra-class scatter of features which is the most widely used feature discrimination evaluation metric. According to that ratio, features can
be selected by a simple sorting method. The projection gradient descent algorithm is introduced to further improve the performance of our
algorithm by using the solution obtained before as its initial solution. This ensures the stability of this iterative algorithm. We prove that the
proposed method can get the global optimal solution of this non-convex problem when all features are statistically independent. For the
general case where features are statistically dependent, extensive experiments on six small sample size datasets and one large-scale
dataset show that our algorithm has comparable or better classification capability comparing with other eight state-of-the-art feature
selection methods by the SVM classifier. We also show that our algorithm can obtain a low loss value, which means the solution of our
algorithm can get very close to this NP-hard problem’s real solution. What is more, because we solve the original ¢, g-norm constrained
problem, we avoid the heavy work of tuning the regularization parameter because its meaning is explicit in our method, i.e., the number of
selected features. At last, we evaluate the stability of our algorithm from two perspectives, i.e., the objective function values and the selected
features, by experiments. From both perspectives, our algorithm shows satisfactory stability performance.
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Abstracit—In this paper, a new data-driven fault detection
method based on distributed canonical correlation analy-
sis (D-CCA) is proposed to address the plant-wide process
monitoring problem. This paper focuses on the distributed
plant-wide processes. The core of the proposed method is
to reduce uncertainties using correlation information from
the neighboring nodes. Furthermore, the cost of the data
transmission between network nodes is also reduced by
the D-CCA algorithm. When the proposed method and the
existing methods are compared using the Tennessee East-
man benchmark process, the false alarm rate, fault detec-
tion rate, and the detection delay are comparable. This sug-
gests that the proposed method is feasible.
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ABSTRACT

Projection to latent structures or partial least squares (PLS) produces output-supervised decomposition
on input X, while principal component analysis (PCA) produces unsupervised decomposition of input X. In
this paper, the effect of outputY on the X-space decomposition in PLS is analyzed and geometric properties
of the PLS structure are revealed. Several PLS algorithms are compared in a geometric way for the purpose
of process monitoring. A numerical example and a case study are given to illustrate the analysis results.
© 2009 Elsevier Ltd. All rights reserved.



I =. HE

> EEER

O Z&MW: FHENBIINEN, RIERENTEER R W EE;
O §aEk: 1L, BEHRa;
O A& HE: 7 HXEWnoveltyfcontributions.

REIABEID T FE



I =. HE

EREHR
O WAYA—RAER, FERRIN—3E;

ABSTRACT

Projection to latent structures or partial least squares (PLS) produces output-supervised decomposition
on input X, while principal component analysis (PCA) produces unsupervised decomposition of input X. In
this paper, the effect of output’Y on the X-space decomposition in PLS is analyzed and geometric properties
of the PLS structure are revealed. Several PLS algorithms are compared in a geometric way for the purpose
of process monitoring. A numerical example and a case study are given to illustrate the analysis results.
© 2009 Elsevier Ltd. All rights reserved.
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A Distributed Canonical Correlation

Analysis-Based Fault Detection Method
for Plant-Wide Process Monitoring

Zhiwen Chen ™, Member, IEEE, Yue Cao "™, Student Member, IEEE, Steven X. Ding
Kai Zhang ™, Tim Koenings “, Tao Peng “*, Chunhua Yang ““, and Weihua Gui

Abstract—In this paper, a new data-driven fault detection NOMENCLATURE
method based on distributed canonical correlation analy-
sis (D-CCA) is proposed to address the plant-wide process ;-
monitoring problem. This paper focuses on the distributed K\
plant-wide processes. The core of the proposed method is \g}

Set of the number of subprocesses/nodes.
Subset of K excluding the node g.

Nhrsmndhar Af mnanmara cinanlas sraliian
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Learning from Very Few Samples: A Survey

Jiang Lu, Pinghua Gong, Jieping Ye, Fellow, IEEE, Jianwei Zhang, Member, IEEE,
and Changshui Zhang, Fellow, IEEE

Abstract—Few sample learning (FSL) is significant and challenging in the field of machine learning. The capability of learning and
generalizing from very few samples successfully is a noticeable demarcation separating artificial intelligence and human intelligence
since humans can readily establish their cognition to novelty from just a single or a handful of examples whereas machine learning
algorithms typically entail hundreds or thousands of supervised samples to guarantee generalization ability. Despite the long history
dated back to the early 2000s and the widespread attention in recent years with booming deep learning technologies, little surveys or
reviews for FSL are available until now. In this context, we extensively review 300+ papers of FSL spanning from the 2000s to 2019 and
provide a timely and comprehensive survey for FSL. In this survey, we review the evolution history as well as the current progress on FSL,
categorize FSL approaches into the generative model based and discriminative model based kinds in principle, and emphasize
particularly on the meta learning based FSL approaches. We also summarize several recently emerging extensional topics of FSL and
review the latest advances on these topics. Furthermore, we highlight the important FSL applications covering many research hotspots in
computer vision, natural language processing, audio and speech, reinforcement learning and robotic, data analysis, etc. Finally, we
conclude the survey with a discussion on promising trends in the hope of providing guidance and insights to follow-up researches.
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» An Example of Abstract

Abstract—Cyber-physical systems are ubiquitous in power
systems, transportation networks, industrial control processes,
and critical infrastructures. These systems need to operate reliably
in the face of unforeseen failures and external malicious attacks.
In this paper: i) we propose a mathematical framework for
cvber-physical systems, attacks, and monitors; i1) we characterize
fundamental monitoring limitations from system-theoretic and
graph-theoretic perspectives; and ii) we design centralized and
distributed attack detection and identification monitors. Finally,
we validate our findings through compelling examples.
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O BiEsERY R FHE
Abstract—Cyber-physical systems are ubiquitous in power 5’%)& ﬁ}-jlj—l—é}gg.g,

systems, transportation networks, industrial control processes,
and critical infrastructures. These systems need to operate reliably O k 5 'fﬁ Fbe (£ E A EE Eﬁ? :}ii

in the face of unforeseen failures and external malicious attacks. \ — G4 B AL ) P
In this paper: i) we propose a mathematical framework for RABAET “t A;\E,ﬁ‘ 4
cyber-physical systems, attacks, and monitors; ii) we characterize B PR A 4]) frhave (E E A %
fundamental monitoring limitations from system-theoretic and o W
graph-theoretic perspectives; and ii) we design centralized and ﬁﬁi$%ﬁ\jﬁ%ﬁﬁ%;%
distributed attack detection and identification monitors. Finally, '/ﬁE B‘I]‘)ﬂ ) l?'(] 7}5 ’ffk. 9}? Et:"‘\l 'fi';( 1% 1%
we validate our findings through compelling examples. i s

O #RAAT RARNKRRAH;
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» Typical Sentences

O This paper focuses on -°-*
O This paper discusses -

O In this paper, is
presented/studied/investigated.

O

This paper is concerned with --

O The purpose/objective of this paper is
-to eeoe

O It is the aim of this paper to
discuss/describe *°-
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» Typical Sentences

O In this paper, we introduce/present/consider --

O The approach is based on ---

O Conditions are considered for --

O The result of this study can be generalized for --

O The result for -+ are found to be close to the

experimental data.
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» Typical Words

O BHARYEYE, ¥HAWIWEAE: review, summarize, present, outline, describe

&
O EREEKARXEW, ¥HAMWIEAF: purpose, attempt, aim %, W LA ZIET
ALY HBRIE;

ONERXHWEEARNRABRHAREE, ¥AWHAA: study, present, include,

focus, emphasize, emphasis, attentionZE;

ONEHRBELHBEIE, ¥HMWIEAA: test, study, investigate, examine,

experiment, discuss, consider, analyze, analysis %;

O AR ek, ¥FAMWHEA: neasure, estimate, calculate %;
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» Typical Words

O NEMA. Fg, ¥FAWIAK: use, apply, application;

O BrRARER, ¥HAWAEA: show, result, presentés;

O NE4&w, ¥FHWIEAE: summary, introduce, concludeZ;
OBRABXHW LR EZNN R, ¥ HWIHEAF: suggest, report, present, explain,

expect, describe%;

O E¥H LI, % FABIEA: support, provide, indicate, identify, find, demonstrate,
confirm, clarify%;

O #BFEZEWN, ¥AHWIEA: suggest, suggestion, recommend, recommendation, propose,
necessity, necessary, expect%;
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Abstract—Cyber-physical systems are ubiquitous in power

index terms( ?\' gl ‘l’:"] ) ﬁ SUbJeCt systems, transportation networks, industrial control processes,

> =Y and critical infrastructures. These systems need to operate reliably
terms (E%ﬂ) ’ in the face of unforeseen failures and external malicious attacks.

— — — — In this paper: i) we propose a mathematical framework for

O %%m ’7@&7%% ﬁ] ’ﬁ ﬁ‘]ﬂ B‘Zﬂ éﬁ ’ /]\7'3!] cyber-physical systems, attacks, and monitors; ii) we characterize
S =1 3= = N = fundamental monitoring limitations from system-theoretic and
'I’%"%T‘&ﬁmﬂ’l&%ﬂﬁﬂéﬂ, a %;E graph-theoretic perspectives; and ii) we design centralized and

}b 7 "&'ﬁ#ﬁ?’ B&%ﬂ distributed attack detection and identification monitors. Finally,
N ’

we validate our findings through compelling examples.

O 3~ 8/]\%%‘1"5] s Index Terms—Cyber-physical systems, descriptor systems, dis-
tributed control, fault detection, geometric control, graph theory,

O Jﬁli )A%‘ ? networks, security.




I =. HE

Distributed adaptive

S X

convergence”

Jiaqi Zhang?, Keyou You *",

 Department of Automation, and BNRist, Tsii
® Coordinated Science Laboratory, University

AETILELE INEQD

Article history:

Received 13 April 2021

Received in revised form 2 October 2021
Accepted 30 November 2021

Available online 25 January 2022

Keywords:

Distributed optimization
Newton method
Low-rank approximation
Superlinear convergence

2710 IEEE TRANSAC

A Distributed Can
Analysis-Based Fau
for Plant-Wide Pr

Zhiwen Chen '™, Member, IEEE, Yue Cao

g

Kai Zhang, Tim Koenings *“, Tao Peng

Abstraci—In this paper, a new data-driven fault detection
method based on distributed canonical correlation analy-
sis (D-CCA) is proposed to address the plant-wide process
monitoring problem. This paper focuses on the distributed
plant-wide processes. The core of the proposed method is
to reduce uncertainties using correlation information from
the neighboring nodes. Furthermore, the cost of the data
transmission between network nodes is also reduced by
the D-CCA algorithm. When the proposed method and the
existing methods are compared using the Tennessee East-
man benchmark process, the false alarm rate, fault detec-
tion rate, and the detection delay are comparable. This sug-
gests that the proposed method is feasible.

Index Terms—Data driven, distributed canonical correla-
tion analysis, fault detection, plant-wide process monitor-
ing.
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Superpixel-Guided Dis
Representation of H
for Class

Shujun Yang, Member, IEEE. Junhui Hou™ , Seni

Shaohui Mei™, Senior Member, IE

Abstract—In this paper. we propose a novel classification
scheme for the remotely sensed hyperspectral image (HSI),
namely SP-DLRR. by comprehensively exploring its unique
characteristics, including the local spatial information and low-
rankness. SP-DLRR is mainly composed of two modules, i.e., the
classification-guided superpixel segmentation and the discrimi-
native low-rank representation, which are iteratively conducted.
Specifically, by utilizing the local spatial information and incor-
porating the predictions from a typical classifier, the first module
segments pixels of an input HSI (or its restoration generated by
the second module) into superpixels. According to the resulting
superpixels, the pixels of the input HSI are then grouped
into clusters and fed into our novel discriminative low-rank
representation model with an effective numerical solution. Such
a model is capable of increasing the intra-class similarity by
suppressing the spectral variations locally while promoting the
inter-class discriminability globally, leading to a restored HSI
with more discriminative pixels. Experimental results on three
benchmark datasets demonstrate the significant superiority of
SP-DLRR over state-of-the-art methods, especially for the case
with an extremely limited number of training pixels.

Index Terms— Low-rank, superpixel segmentation, hyperspec-
tral image, classification.
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A Review on Recent Development of Spacecraft
Attitude Fault Tolerant Control System

Shen Yin, Senior Member, IEEE, Bing Xiao, Steven X. Ding, and Donghua Zhou, Senior Member, IEEE

Abstract—Motivated by several accidents, attitude con-
trol of a spacecraft subject to faults/failures has gained
considerable attention in a wider range of aerospace engi-
neering and academic communities. This paper is con-
cerned with industrial practices and theoretical approaches
for fault tolerant control (FTC) and fault detection and
diagnosis (FDD) in spacecraft attitude control system. An
overview on recent development of spacecraft attitude FTC
system design is presented. The basis of a FTC system is
introduced. The existing engineering FTC techniques and
theoretical methodologies, including their advantages and
disadvantages, are discussed. Moreover, closely associ-
ated with the reliability-relevant issues, recent progress in
attitude FTC design strategies is reviewed. A brief review of
some open problems in the general area of spacecraft atti-
tude control design subject to components faults/failures
is further concluded.

Index Terms—Attitude control system, fault detection
and diagnosis (FDD), fault-tolerant control (FTC), space-
craft.

and controllers. Once a spacecraft is launched, it is highly
unlikely that its hardware can be repaired. Hence, any compo-
nent or system fault/failure cannot be fixed with replacement
parts. These issues can potentially cause a host of economic,
environmental, and safety problems. This strongly motivates
the development of attitude control systems that ensure an effi-
cient and timely response to maintain stability, reliability, and
required performance properties even when components fail.
In the aerospace industry and academia, fault tolerant control
(FTC) [1]-[3] is a widely used technique to accommodate or
manage component failures.

In contrast to most conventional control systems that the con-
trollers are designed for fault-free case without considering the
possibility of fault occurrence, the main characteristics of sys-
tems designed by FTC is that it can guarantee desirable stability
and performance properties even in the event of component
fault/failure. This is quite important for safety-critical systems,
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Mastering the game of Go without
human knowledge

David Silver'*, Julian Schrittwieser*, Karen Simonyan'*, loannis Antonoglou!, Aja Huang', Arthur Guez!,
Thomas Hubert!, Lucas Baker!, Matthew Lai', Adrian Bolton!, Yutian Chen!, Timothy Lillicrap', Fan Hui', Laurent Sifre!,
George van den Driessche!, Thore Graepel' & Demis Hassabis'

A long-standing goal of artificial intelligence is an algorithm that learns, tabula rasa, superhuman proficiency in
challenging domains. Recently, AlphaGo became the first program to defeat a world champion in the game of Go. The
tree search in AlphaGo evaluated positions and selected moves using deep neural networks. These neural networks were
trained by supervised learning from human expert moves, and by reinforcement learning from self-play. Here we introduce
an algorithm based solely on reinforcement learning, without human data, guidance or domain knowledge beyond game
rules. AlphaGo becomes its own teacher: a neural network is trained to predict AlphaGo’s own move selections and also
the winner of AlphaGo’s games. This neural network improves the strength of the tree search, resulting in higher quality
move selection and stronger self-play in the next iteration. Starting tabula rasa, our new program AlphaGo Zero achieved
superhuman performance, winning 100-0 against the previously published, champion-defeating AlphaGo.
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Data-Driven Batch-End Quality Modeling and
Monitoring Based on Optimized Sparse Partial
Least Squares

Qingchao Jiang ®, Member, IEEE, Xuefeng Yan®, Hui Yit

Abstraci—Batch-end guality modeling is used to predict
the quality by using batch measurements and generally
involves a large number of pmdu:lnr variables. However,

. and Furong Gao ®

l. INTRODUGTION

not all of the vari are ficial for the p

LARGE portions of value-added products are produced

Conventional multiway partial least squares [PLS] may
not function pmpem! for batch-end quality modeling

of many dictor variables. This paper
proposes an oplimized spalse PLS (OSPLS) modeling
approach for simultaneous batch-end quality prediction
and relevant-variable salechon. The effect of irrelevant vari-
ables on the quality-predi is

in ch 1 and phar I i ies by batch pro-
cesses, Generally, a batch process consists of several phases,
and the variables in a batch run are expected to follow a pre-
defined recipe. Due to the variations in environmental condi-
tions, reaction depths, or raw materials, the variable evolution
recipe may be deviated, and the final product quality may be

and the importance of the relevant-variable selection is
umpha:o.ed Then, an OSPLS batch-end quality modeling
is by i the variable
resolution opumlzallnn and sparse PLS “modeling. The
ility
are |mproved because t:mh‘I qualrly relevam varlahles are
and quality
Basad on the mlsc‘h;d quality-relevant varlaﬂss. a statistic
is established for monitoring the quality status. The pro-

tory. Thus, timely assessment of the process state and
estimation of the final product quality is important [1], [2]. How-
ever. the quality variable is generally obtained with some delay
because of the technigque used or economic limitation. Estab-
lishing a soft-sensor model for quality prediction is important.
Quality modeling and monitoring technigues are typically clas-
sified into two types, namely, mechanism {white-box) models
and data-driven (black-box) models [3]-{7]. On the one hand,

posed O5PLS-based g and is
applied on a fed-batch pemml\ln fermentation prooes& and
an industrial injection molding process. The results are
compared with the state-of-the-art methods to verify the
effectiveness of the OSPLS approach.

Index Terme—Batch-end quality prediction, batch
cesses, optimized sparse partial least square (OSPLS), soft
sensing, sparse modeling.
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blishing a h model is difficult because the reac-
tion during a process is generally complex. On the other hand.
abundant of history data are stored with the rapid advancement
of sensing techniques. Data-driven modeling and monitoring
techniques are gaining increasing attention [R]-[13].

Least square (LS) is the basic linear regression method for
quality or key-performance-indicator modeling [14]. However,
the LS generally fails in dealing with high-dimensional and
highly comrelated data, because of the regression coefficient sta-
bility and computational efficiency problems. To handle high-
dimensional and highly correlated data, partial least squares
(PLS} is proposed and among the most popular data-driven
soft-sensor development methods [15]. For batch processes, the
multiway PLS (MPLS) that unfolds the three-way data as two-
way data is generally used [16]. However, the following defects
of classical MPLS method exist. which may degrade the predic-
tion performance. After data unfolding, the number of predictor
variables can be remarkably large, whereas the number of pre-
dictor measurements is generally small. For example, in a baich
process that has ten variables and 200 measurements in each
batch and a set of data with 100 baiches, the number of pre-
dictor variables is 10 = 200 = 2004 while the number of pre-
dictor is 100. The number of samples a is much

F. Gao is with the Depariment of Chemical and Bi Engi-
neering, The Hong Kong University of Science and Technology, Hong
Kong (e-mail: kefgao @ ust.hik).

Color versions of one urmcne of the figures in this paper are available
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smaller than the number of variables m, this refers to the large
m small n problem. Not all predictor variables are beneficial
for predicting the final quality; the existence of irrelevant vari-
ables may damage useful information and degrade prediction
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performance. Therefore, it is important (o select the relevant
variables and eliminate the irrelevant variables in PLS-based
modeling.

In PLS-based soft-sensor development, several variable-
selection methods are developed, which are categorized into
three categories, namely, filier methods, wrapper methods, and
embedded methods [17]-[19]. In filter methods, a PLS regres-
sion (PLSR) model is first established on the data, then variable
selection is performed according to certain rules in evaluating
the variable importance. Wrapper methods are computation-
ally expensive because they generally involve double-iterative
procedures. The embedded methods perform the selection of
variables using a one-iterative procedure, therefore are gener-
ally less time consuming than wrapper methods. However, these
methods may not function effectively in balch-end quality pre-
diction because of the process complexity and the large m small
n problem.

In dealing with the large m small a problem in batch-end
quality prediction, representative techniques include the sparse
PLS (SPLS}) [20] and the multiresolution PLS (MRPLS) [21].
SPLS performs simultaneous regression and selects variables
by adding the L; penalty term w the oplimization objective
function of PLS. SPLS produces sparse linear combinations of
predictor variables and makes a subtle variable selection. How-
ever, the prediction performance will also degrade as the number
of quality-irrelevant variable increases. MRPLS performs vari-
able selection by considering the variable time resolution or the
time pericds. Facco et al. highlighted that the quality predic-
tion of PLS can be improved by including time series dynamic
information into the modeling. A moving average three-phase
PLS estimator was developed for a real-world industrial batch
polymerization process [22]. Gins et al. discussed the effect
of time resolution selection on the pradiction performance and
proposed a multiresolution quality prediction {MRQP) method
[23]. The improved performance is obtained when the structured
correlation in ime and variable dimensions is considered. More
recently. Rato and Reis further exiended the MRQP method and
proposed an MRPLS modeling method for batch data analy-
sis [21]. The optimal-variable selection is conducted in three
dimensions, namely, the variable dimension, the resolution di-
mension, and the stage dimension. The quality-prediction per-
formance is enhanced because the operational stage dimension
is introduced. and more information is available.

The existing MRQP method adjusts the predictor variable di-
mension by controlling the variable resolution, which effectively
avoids high-dimensional optimization. However, the MRQP can
only make rough variable selections. For example, optimal res-
olution of a variable may vary at different production periods.
Even in the same production period, the optimal variable res-
olution can be different. Moreover, the MRQP method selects
only one resolution during the entire batch running or an entire
operation phase. If too many production periods are

1y The impact of variable selection on the batch-end quality
prediction is analyzed to enhance the basic data-driven
batch-end guality modeling and monitoring theory.

2) Anoptimized SPLS (OSPLS) modeling approach is pro-
posed for efficient batch-end quality prediction. The O5-
PLS aims to achieve simultaneous quality prediction and
relevant-variable selection by optimizing the variable res-
olution before SPLS modeling through a stochastic opti-
mization approach. The resolution optimization conducts
a rough variable selection, whereas the SPLS performs a
further subtle varighle selection.

3) A monitoring statistic is then established based on the se-
lected quality-relevant variables to identify the difficult-
to-measure batch-end quality status.

4) The advantages of the proposed OSPLS modeling scheme
are theoretically analyzed. The OSPLS superiority is ver-
ified through experimental studies on the simulated fed-
batch penicillin fermentation (FBPF) and an industrial
injection molding (IIM).

The rest of this paper is organized as follows. Secticn 11 re-
views the standard MPLS modeling approach and provides a
motivational analysis on sparse modeling. Section 1 details the
scheme and discusses the properties of OSPLS-based modeling.
The experimental studies on the FBPF process and the 1IM pro-
cess are carried out in Section IV. Finally, Section V concludes
this paper.

Netation: The notations used here are standard except where
otherwise specified. The superscript “T™ represents the transport
of vectors or matrices. || refers to the absolute valug of a scalar,
.|| and |.|; represent the Ly and Ls norm of vectors, respec-
tively. corr( X, ¥7) represents the correlation between X and ¥.
Ex = var(X) denotes the variance (covariance) of X |a | rep-
resents the largest integer less than or equal 0 4. Syy denotes
the estimated covariance (from data) of X and ¥. F, {a,b) de-
notes the F distribution with degrees of freedom a and b, and
the level of significance .

Il. PRELIMINARIES AND MOTIVATIONS

The standard MPLS for quality prediction is presented and the
effect of imelevant variables on prediction performance is ana-
Iyzed. Then, the state-of-the-art SPLS and MRPLS approaches
are reviewed, and the areas for improvements are discussed.

A MPLS Bas

Assume a batch process that has J process sensors (o measure
process variants, 4 batch running consists of K sample points,
and after a batch running M product-quality variables. After
I batches, three-way tensor data consisting of the measured
variables X (T x J » K') and a quality matrix ¥ (T = M) are
obtained. Obtaining quality variables are generally costly or
time ing. Therefore, the it of an esti

then the variable selection becomes much more complax.

Given the aforementioned observations, we study the data-
driven baich-end quality modeling and monitoring for batch
processes. The novelty and contributions of the cument work
are as follows.

model to predict the batch-end product quality is important.
The MPLS was proposed 0 deal with the three-way data,
wherein (hree-way daia are unfolded into two-way data, and
then PLS modeling is performed on the two-way data [ 16]. Sev-
eral data unfolding methods have been developed. We used the
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O ... has important applications from -<--[1]-[5], to ---[6]-[10]. In the

case of -

O .- is best known as a classical problem in ---[1-5], but has

applications to such areas as -*-. [6-10].

0 Recent work in-¢* has drawn attention to **. These arise in problems of
- [11, [2], - [5], [6], ---[8] and --- [10].

0 Among many systems of practical interest, -+ can be modeled as
systems. It is well known that -+[1].

O In the -+ literature, one usually --.[1,2] However, in practice,

cannot be easily -*-[3]

O These arise in problems of -« for - [1], - [2, 3], ---[4].
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O -« is usually viewed as ---

O

Such an approach therefore introduces

0 The +-- problems which are treated in this paper through -+ theoretic
means have a long mathematical history, independent of control theory,
and whose solutions, we believe, are of interest to the contemporary

mathematical community. (4¢A|& 1 Z AR b B 2 10 W B 5 5] ALY

0 In doing so, we shall necessarily be drawn to the theory of -+ and to
the theory of ---.

0 Let us begin with, a brief history of the °*- problem.

0 The <+ problem can be stated as follows: Given a -+ and an object
capable of ¢+, find a -

0 --- show that the °* often ienerates inaccurate results [5]. Therefore‘
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a ---

O

have been previously used in the ** context in -+ [22] and, recently,

their ability to represent - has gained appreciation in -:- analysis [23],
[24].

The use of the - is not a new concept, it has appeared in the context of
the stabilization of -+ systems [25], [26], -+ control [2]-[5] and, more
recently, :problems [20], [27]-[30].

This class of control laws contains the attitude control law first proposed
in [9] as a special case.

In [15] this was proven to be‘::. However, in the recently developed extended
theory of +:+[5,17] it was shown that in fact there exist °-:

O With the novel use of ¢+, first introduced in [20], this framework allows
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O A complicated Lyapunov analysis is used in [18] to produce a globally
asymptotically stable control law that is more complex than the ones presented

here.

O Global stability of the controllers in this paper is shown based on -+ together
with a Lyapunov analysis. - As noted in [3], no globally asymptotically stable
control law that is also continuous on °** exists.

O As pointed out in [3], - feedback control also produces an unstable equilibrium.
This may lead to an undesirable situation where::. We have derived a

sufficient condition to avoid this situation.

O Global stability of the control law in [9] is shown here. This control law is
computationally efficient and performs almost identically to the globally

%
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0 The stability of a large number of control laws is shown in this paper,
including - control. Most of these control laws are new; the °** control laws

in [3], and the *** control in [4], [5] are special cases of the more general
control laws developed here.

O A--- we added in the Lyapunov function is critical for the derivation of the
new results in this paper. This technique has been used in ** control [20]
but not in the *** control literature. The °:- has also been used in [3]-[5],
[19], but without --

OO But more importantly, the paper contains original results and gives new
interpretations to old results.

O ---, this paper provides two main contributions. First::. To the best of our
knowledge it is the first time such a general result has been reported. We
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O fERS, BE2-45KT;
O % FABRX As such, the main purpose of this paper is to provide satisfactory
answers to these three questions. The primary contributions of this
The main contributions of this paper are highlighted as the following fourfold.
1) The MHE problem 1is, for the first time, studied for networked
time-delay systems subject to the RR scheduling.
2) A lifting method is applied to reformulate the time-delay system

paper are given as follows

of industrial processes. The goals of the current work can be

summarized as the following four aspects: into a delay-free system.
1) To construct a robust multivariate statistical PM method  3) A sufficient condition is established under which the estimation
by filtering out minor faults. error is ultimately bounded.

) : At E ~ 1e : .. . .
2) To enhance the representation of process variables using 4y Ty optimization problems (OPs) are addressed to obtain the de-

nonconvex regularization. ; ; ; . : :
‘ B i i B - sired estimator parameters according to two different estimation
3) To preserve the local geometric prior via incorporating .
performance requirements.

manifold learning.
4) To develop an iterative optimization strategy along with
convergence guarantee.
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O The rest of this paper is organized as follows. Section II provides ---

Section III presents *-- Some simulation results are given in Section IV.

O The paper 1is organized as follows: Section 2 introduces basic
assumptions, includes -°** considered. A -+ is presented in Section 3. The
and the -+ are the main topic of Sections 4 and 5, respectively.
Section 6 illustrates simulation results. Conclusions are given in
Section 7.
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The rest of this article i1s organized as follows. Section 1l
reviews the basis of multimanifold learning. Section III presents
the proposed MMJP model. in Section 1V, the corresponding
process monitoring scheme based on MMIJP is introduced. Sec-
tion V presents two case studies on a numerical example as well
as the TE benchmark process. Finally, Section VI concludes this
article.



Il =, 3l=

> ERER: BTG A

O MFIA “mMEX” WXMUET EE. AR& REFERENCES
R ERTRREERAXXRM FERAME e e
— IEEE Trans. A . Control, vol. 62, no. 9, pp. 44994511, Sep. 2017.
%’ﬁ‘%ﬁ"ﬁ‘%ﬁ “ )g 20 ” ’&EX %E\Cﬁ) s [2] A. Ales’;;flf:l:iri.urifimgagf;::{g ﬂ:’tg G. ngisteﬁf “Robust recedienpg—horizon

estimation for uncertain discrete-time linear systems.” Syst. Control Lett.,
O 4 B UYMNAKES| FHIEEZ AN H: vol. 54, no. 7, pp. 627643, Jul. 2005.

[3] A.Alessandriand M. Awawdeh, “Moving-horizon estimation with guaran-
teed robustness for discrete-time linear systems and measurements subject
to outliers,” Automatica, vol. 67, pp. 85-93, May 2016.

[4] R.Caballero-Aguila, A. Hermoso-Carazo, and J. Linares-Pérez, “Optimal
state estimation for networked systems with random parameter matrices,
correlated noises and delayed measurements,” Int. J. General Syst.. vol.

O = . 44, no. 2, pp. 142-154, Feb. 20135.

e ﬁ %F’J A ° SOme re ]- at ed [5] D.Ding,Z. Wang. B. Shen, and H. Dong, “H . state estimation with fading
. . . measurements, random varying nonlinearities and probabilistic distributed

methOdS are missi ng 1n the delays.” Int. J. Robust Nonlinear Control, vol. 25, no. 13, pp. 2180-2195,

current version. For example, D e e

o o



Il =, 3l=

> ERET: L ABRE

O #BEZRXENARREE R, UHBRE
S ﬁ ﬁ% A;Fu 'ii %’ lm ‘ii 5 &% s . :;zutieEchfan{fJData driven, degradation process, remaining

|. INTRODUCTION ACRONYMS
: e | 10 ’ AIC Akaike information criterion.
{%FETY and rehatlnhty is the primary concern of modgm BM B rtes sk
industrial production. In order to ensure safety and relia- CM Condition monitoring.
bility, techniques such as multivariate statistic process control FHT First hitting time. o
(MSPC) have been widely used [1]. Different kinds of MSPC ol M L oG Syt
. . . . MSE Mean squared error.
methods have been proposed in the literature in the past few PDF Probability density function.
years, such as canonical variate analysis (CVA) [2], canonical PHM Prognostics and health management.

correlation analysis (CCA) [3], [4], probabilistic latent variable
model [5], [6], and quality-related MSPC approaches [7], [8].
Despite the aforementioned progress, principal component anal-
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O YER “We” R “Our”, “This
”» = ) —
baper %ﬂ ’ l//L Eﬁ %%%ﬂ_\‘ﬁ;%jxjk ﬁ/\] Summarizing the discussions above, in this paper, we aim to deal

_']:'ﬁE : ﬁ[l with the MHE problem for time-delay systems with the RR protocol
scheduling. This 1s a nontrivial task because of the following three
We conducted this study to determine identified difficulties:

whether:---

This paper presents a new approach Motivated by the above works, in this paper, we propose
a non-negative sparse hyper-Laplacian regularized low-

that process the data more rank representation model, or NSHLRR for short, for image

efficiently.
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found that reducing the amount of -
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The LRR method [11], _[30],_[31], [33] focuses on low-rank
data representation, based on the hypothesis that data
approximately jointly span several low-dimensional sub-

| %;ﬁgﬂvj‘: ﬁxﬁﬁ%%%jﬁ%ﬁﬁ,‘g%; spaces. The authors of [32] generalize LRR model to take

care of largely contaminated outliers by incorporating a

W %%E ;""G & Hd‘: j‘!.’!‘ ﬁ %:}& ﬁ/sj %ﬁi ﬁ% , j’(‘l (1 /f2 noise model and prove that under mild technical con-

. _ . . ditions, the LRR model exactly recovers the subspace of

;g‘ BERARE “RL” RE %$'ﬁ:ﬁ samples and detect the outliers as well. Thus LRR ca}zl accu-
% %E%%én" ; rately recover the row space of the original data and detect
outliers under mild conditions [30]. In general, the resulting

| _—ﬁ&:}j‘_i& BY]—: ﬁ ﬁ:}j‘_% 4%‘: /%'_ﬁ— 7‘@ E&x jl%‘: E_ problem, which minimizes a combination of the .nuclear
norm and the /;-norm, is convex and can be solved in poly-

%% H nomial time [10]. In order to handle the cases where the num-
ber of observed data is insufficient or data themselves are too

badly corrupted, Liu and Yan [33] further proposed a latent

low-rank representation approach. In the latent LRR, hidden

data can be regarded as the input data matrix after being

transposed. This idea has been recently used in designing a

classifier for image classification [4]. As for LRR, only the
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The contribution and benefits of the proposed method are as
follows.

1) SISPCA is introduced to enhance fault-isolation perfor-
mance of conventional PCA based approaches.

2) SISPCA uses graph Laplacian regularization term that is
able to incorporate a priori information on variable struc-
ture/correlation, so that faulty variables that are correlated
can be effectively 1solated.

3) By using a moving window based approach, a two-stage
fault-isolation strategy is proposed for online application.

4) It is proved that the proposed strategy is capable of 1so-
lating faulty variables.

5) The “smearing effect” can be remarkably reduced.

Il. JOINT SPARSE PCA

Notations: R" and R"*™ denote, respectively, the n-dimensional
Euclidean space and set of all n x m real matrices. N (N* N~) de-
note, respectively, the set of integers (nonnegative integers and nega-
tive integers), and the set of all nonnegative real numbers is denoted
by R*. The notation X > Y (X > Y), where X and Y are real sym-
metric matrices, means that X — Y is positive semidefinite (positive
definite). M7 represents the transpose of the matrix M. If A is a ma-
trix, Apaxf A} (Amin{A}) stands for the maximum (minimum) eigen-
value of A, and tr{A} represents the trace of A. 0 represents the zero
matrix of compatible dimensions. The n-dimensional identity matrix
is denoted as [,, or simply I, if no confusion is caused. The short-
hand diag{--- } stands for a block-diagonal matrix and the notation
diag, {e} is employed to stand for diag{e,...,e}. E{z} and E{z|y}

S
T
will, respectively, denote expectation of the stochastic variable = and
expectation of = conditional on y. Given a generic vector =, ||z| de-
scribes the Euclidean norm of = and, for a given positive definite matrix
P, ||z||p denotes the weighted normof z : ||z p = V2T Px. In sym-
metric block matrices, “*” is used as an ellipsis for terms induced
by symmetry. For an integer a and a positive integer b, the function
mod (a, b) represents the unique nonnegative remainder on division of
the integer a by the positive integer b. The Kronecker delta function
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0 Choose references carefully and
seriously;

OO Keep exposition flowing smoothly and
logically;

OO0 Much of is should be written in the
present tense;

0 Do not keep the reader in suspense.

A bad beginning makes a bad

endini.
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> Bl ¥ Our program, AlphaGo Zero, differs from AlphaGo Fan and
AlphaGo Lee'? in several important aspects. First and foremost, it is

trained solely by self-play reinforcement learning, starting from ran-
dom play, without any supervision or use of human data. Second, it
uses only the black and white stones from the board as input features.
Third, it uses a single neural network, rather than separate policy and
value networks. Finally, it uses a simpler tree search that relies upon
this single neural network to evaluate positions and sample moves,
without performing any Monte Carlo rollouts. To achieve these results,
we introduce a new reinforcement learning algorithm that incorporates
lookahead search inside the training loop, resulting in rapid improve-
ment and precise and stable learning. Further technical differences in
the search algorithm, training procedure and network architecture are
described in Methods.
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Table 1
X-deflated NIPALS algorithm (Dayal & MacGregor, 1997).

Center the columns of X, ¥ to zero mean and scale them to unit variance. Set
i=landX; =X.

Set w; equal to any column of Y.

W, = X u/ Xl

L

2

3

4

5, il

If ti converges. o to Step 6. else return to Step 2.
=x"t/tl

7. X —upl.
Seti =i+ 1and return to step 1. Terminate if i > A.

discuss the effect of Y on the X-space decomposition in Section 3.
The geometric properties of PLS on X-space decomposition are
discussed in Section 4. Other PLS variants are analyzed in a similar
way. Following that, we discuss the monitoring problem using PLS
and its variants in Section 5. Section 6 uses a numerical example
and a case study to illustrate the analysis results. Finally, we
present conclusions in the last section.

2. Projection to latent spaces (PLS)

Given an input matrix X € B"*™ consisting of n samples with
m process variables per sample, and an output matrix ¥ & R™P
with p quality variables per sample, PLS projects (X, Y) to a low-
dimensional space defined by a small number of latent variables
(t1.....ta) (Ais the PLS component number) as follows:

X=TP +E
T (1)

Y=TQ +F
where T = [ty, ..., t4] is the score matrix, P = [py..... pa] is the
loading matrixfor Xand Q = [qy..... )4 ] is the loading matrix for

Y. E and F are the modeling residual of X and Y. The data matrices
X. Y are usually scaled to unit variance and zero mean. A nonlinear
iterative partial least-squares algorithm (NIPALS) to perform PLS is
described in Table 1. The objective of PLS embedded in this algo-
rithm is to find the solution of the following problem:

max WX Yq;
st [will =1 llgl =1

where w;, g; are weight vectors that yield t; = X;w; and u; = Y,
respectively. Denoting W = [wy. ..., wy], T cannot be calculated
from X directly using W. Let

i=1 (2)

3. The effect of Y on the X-space decomposition

Many researchers use the PCA-based monitoring techniques for
PLS decomposition of the X-space. However, the PLS decomposi-
tion can be radically different from the PCA decomposition, which
makes one wonder whether the PLS-based monitoring should be
different from the PCA-based monitoring techniques. In this sec-
tion, we demonstrate the impact of Y on the decomposition of X-
space in general, and then visualize the result geometrically.

Suppose X has the following PCA decomposition:

X=t|v'5+,“‘+t|v}r (6)

wherev; (1 = i = [) are the orthonormal eigenvectors related to
nonzero eigenvalues of XX, A =---2 i >0andl = rank(X) <
m.InPCAv; (1 <i < [) alone define the decompasition of the input
space. In PLS however, the input space decomposition is defined
by two matrices, P and R Therefore, the angle between r; and p;,
unless it is zero, reflects the impact of Y on the decomposition of
X-space in PLS. For the ease of presentation, we drop the subscript
i for the moment.

The PLS weight vector r is in Span{v,, ..., v} according to the
properties of PLS. Therefore,

1

>

(8)
i1
Then,
&
Ay,
g KME gm0 0
p:Xl}'it:W:J—, (9)
ry ae?
=1
From (5), we have r'p = 1 for each dimension. Therefore,
I
3 e
cos £(r, p) = —— = = (10}
ripll [1
|3 ata
and
2 .
max /(r, p) = arccos — (11)
A
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Data availability

The data thatsupport the plots within this paper and other findings of
thisstudy are available from the corresponding authors uponreason-
able request.

Code availability

All the code or mathematical algorithm files within this paper are avail-
able from the corresponding authors upon reasonable request.
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Methods

Sample growth

A water-soluble SAO layer was grown first on a (001) STO single-
crystalline substrate (MTI Corp.) followed by the growth of
STOand PTO by a DCA Dual R450 Oxide MBE system. The SAQ and STO
films were grown with an oxidant (10% O, and 90% 0O,) background
pressure Pg, of 1 % 10 * torr and at T,,,..,,,,.. = 950 °Cin a layer-by-layer
growth mode, of which the thickness was monitored by reflection
high-energy electron diffraction oscillations. The PTO films were grown
withan oxidant (distilled O,) P, 0f 2 x 107 torr and at T ., = 625 °C.
Owing to the volatility of lead, PTO films were grown in
adsorption-controlled mode with a fixed lead:titanium flux ratio of
13:1, and the thickness was controlled by the shutter time of tita-
nium evaporation source.

Structure characterizations

The crystal structure was examined by a high-resolution four-circle
X-ray diffractometer using a Bruker D8 Discover instrument. The inci-
dent X-rayis from Cu K, emission and has a wavelength of L5418 A.

Selected area electron diffraction and S/TEM experiments
Selected area electron diffraction patterns were acquired on an FEI
Tecnai F20 TEM at 200 kV from a flat area of the samples suspended
on holey carbon films or microcarbon grids. A low electron beam cur-
rent {0.045 nA) and a short exposure time (2.0 s) were used to reduce
the electron beam damage. The probe convergence angle on Titan
was 25 mrad, and the angular range of the HAADF detector was from
79.5 mrad to 200 mrad.
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Minor comments:

Page lll, Section lll, Page 3, Right Column, Lines 34-35“... Notice that the inverses of some matrices only
need to be calculated once in the iterations, so the overall computational complexity is acceptable...”.
This is a strong statement that needs to be given emphasis since it relates to the overall computational
complexity.

Page V, Section IV, Page 5, Left Column, Lines 34-36 “... the local geometric manifold structure of fault
samples can be captured and preserved, thereby making the monitoring more robust to corruptions...”
the robust to corruptions should have a basis and it needs to be briefly mentioned such as in a phrase or
a short sentence.
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DNA—gu!ded genome editing using the Natronobacterium
O AR LR ki PR, s e

The RNA-guided endonuclease Cas9 has made genome editing a widely accessible technigue. Similar to Cas9, endonucleases
from the Argonaute protein family also use oligonucleatides as guides to degrade invasive genomes. Here we report that the

S N gregoryt (Nghgo! is a DNA-guided endonuclease suitable for genome editing in human cells. NgAgo
N, v/ M binds 5 phosphorylated single-stranded guide DNA (gDNA) of -24 nucleotides, efficiently creates site-specific DNA double-
‘L ?— N N strand breaks when loaded with the gDNA. The NgAgo-gDNA system does not require a protospacer-adjacent motil (PAM), as
-~ A ) does Cas9, and preliminary characterization suggests a low tolerance to guide-target mismatches and high efficiency in editing

(G+C)-rich genomic targets

%'J ﬁ N éﬁ“ %ﬁ%, SEMSNNEE:

201645 H8H, SZ:WHELI—BEA N, SRREHETRMIEIES; 2018

6.1. A numerical example #5027TH, BAERFEESSENIRNMSTEFSSEBESHN, (&R

MESFRIELESERE; 20165F7H13H, HERLENTILERIPEIERE, 7
Consider the following numerical example first: ELAWTINAEEN KIEERMT A B A,
X = Azk + ey,
32
{}’k = Cxx + vk (32)
1 4 a\T 2 2

where A = (2 0 1) .Zxy ~ N(0, 0.5°L,), e, ~ N(O, 0.05°13), vy

~ N(0,0.05%),C = (2 2 1).The fault is added in the following

form:

Xy =X; + Ef (33)
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We compare the following methods in the multi-view learn-
car er.].. ing setting. focusing on several downstream tasks: noisy

| Bﬁ ﬁﬁ {'ﬁf :}i%_ Q;g&ﬂij‘ % %tl 75‘ % ﬂ@ ﬁ{"% : digit image classification, speech recognition. and word

pair semantic similarity.

O %éﬁ%ﬁ%%ﬁ%*ﬂ %%%}%; DNN-based models. including SpitAE. CorrAE. DCCA.,

DCCAE., and DistAE.
1 }%% '}E‘ﬁ ﬁﬁ‘ %):ﬂ —gj% *U 'f’kl % iﬁiﬂ] ﬁ/‘j % % N Linear CCA (CCA). corresponding to DCCA with only a

%.'J ﬁ ég"‘&i iﬁ % . linear network without hidden layers for both views.
MR i Kernel CCA approximations. Exact KCCA is infractable

| ﬁlj ﬁﬁ % A ﬁ‘ j% l’:%] 72‘ %- -)—‘Cﬁ , ;F ,ﬁ& ﬁ B 5‘% ﬁ for our tasks: we instead implement two kernel approxima-

tion techniques. using Gaussian RBF kernels. The first im-
(@Z{% é%lg é ﬁﬁ%) : plementation. denoted FKCCA. uses random F.cmrier fea-
tures (Lopez-Paz et al.. 2014) and the second implemen-
tation. denoted NKCCA. uses the Nystrdm approxima-
tion (Williams & Seeger. 2001). As described in Sec. 3.2,
in FKCCA/NKCCA we transform the original inputs to
an M -dimensional feature space where the inner prod-
ucts between samples approximate the kernel similarities
(Yang et al.. 2012). We apply linear CCA to the trans-
formed inputs to obtain the approximate KCCA solution.




Il . 7%

> B A

O FAER: FZHEFAPHNEL,;
A twin-lens reflex camera is actually a combination of --*
O Wbt R RWATHREH;

The work was carried out on the Imperial College gas atomizer, which has

been described in detail elsewhere.

ek i) b 4
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The samples were immersed in an ultrasonic bath for 3 minutes in acetone
followed by 10 minutes in distilled water. (EX{EH)

We immersed the samples in an ultrasonic bath for 3 minutes in acetone
followed by 10 minutes in distilled water. (¥ % & )



Il . 7%

> A

O #RY ERZFEHFNARKREE, WERXAEAFRARFEAEMN;

For the second trial, the apparatus was covered by a sheet of plastic. We
believed this modification would reduce the amount of scattering. (EiXf£H

)

For the second trial, the apparatus was covered by a sheet of plastic. It
was believed that this modification would reduce the amount of scattering. (

ZXER)
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DCM Dense connection module

Encoding unit Decoding unit

Foue :
! GCM Global channel module
GSM  —— DCM

GSM Global spatial module

out

—  DCM >

Fig. 1. Overall architecture of our global reasoning network for HSI denoising. The network consists of encoding and decoding units. The encoding unit
contains the DCM and the GCM. while the decoding unit contains the GSM and the DCM.

A. Overall Network Architecture

The proposed network adopts the U-net architecture [37]
as the backbone, and the advantages of the U-net are three
folds: First, the skip connections in U-net allow the restored  F;
feature map in the decoding stage to contain more low-level

N
ﬁc;\M 1x1 Conv

3x3 Conv

FDCM

n
HxW=xE HxWxE

features and promotes gradient back-propagation, which make g, 5 Architecture of DCM.

tha ractnarad smoea mnea ranlictie and hala antarasel feainanoe
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4 Methodology

As it has already been discussed, our approach builds on
ideas from the areas of pose extraction and domain adap-
tation. We now give some technical details regarding:
(a) the extraction of skeletal joint information from video:
(b) the representation used for capturing spatial and tem-
poral properties of the aforementioned information during
the performance of some activity: (c) the classification
approach we follow: and finally, (d) the adversarial domain
adaptation we propose.

4.1 Classification

As it has been already mentioned, for human activity
recognition tasks human motion is typically captured by
depth cameras, which extract both RGB video and depth
maps per video frame, i.e. an extra video channel where the
value of each pixel is related to the depth of the corre-
sponding object to the image plane. Our approach utilizes
the modality that corresponds to the motion of joints in 3D
space. More specifically, we require as input 3D trajecto-
ries of skeletal joints (i.e. x, ¥ and ¢ coordinates at each
frame for each) during an action.

We work with 3D skeletal data that have been captured
with the Microsoft Kinect v2 sensor. These data consist of
25 human joints per skeleton. The set of skeletal joints is
illustrated in Fig. 2. Up to 6 skeletons can be simultane-
ously extracted in real-time using the Kinect SDK. Therein,
a human skeleton corresponds to a graph: nodes correspond
to body parts such as arms, legs, head. neck and so on,
while edges follow the body structure. Moreover, a parent-
child relationship is implied For example. the joint
“HEAD" is parent of “NECK,” while the “NECK" is the

SHOULDERRIGHT . 4 !_”
m\ 2 SHOULDERLEFT

ELBOWRIGHT SPINESHOULDER |
HIPLEFT \ ELBOWLEFT |

m

THUMBRIGHT :

n/

HANDTIPRIGHT

=
__\M
[ wierior |

L
FOOTRIGHT SPINEBASE FOOTLEFT

—
/\..'

Fig. 2 Extracted human skeleton 3D joints using the Kinect SDK
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TABLE III

lﬂl = ﬁﬁ‘ ) ; PERFORMANCE COMPARISON OF ALL THE COMPETING METHODS IN THE COMPLEX NOISE CASE ON THE ICVL DATA SET. THE BEST AND THE SECOND
BEST RESULTS ARE BOLDFACED AND UNDERLINED. RESPECTIVELY

Noisy HSI LRMR [17] LRTV [11] TDL [14] NGMeet [26] NMoG [18] E3DTV [41] LRTDTV [22] HSI-DeNet [27] HSID-CNN [28] Ours

case 1
PSNR 17.90 29.05 31.94 28.55 29.19 3364 33.12 39.15 39.57 39.60 40.28
SSIM 0.145 0.529 0.867 0.470 (.572 00.788 0.883 0.948 0.971 0.973 0.983
SAM 1.008 0.516 0.094 0.528 0.582 0.098 0.179 0.217 0.110 0.114 0.076
case 2
PSNR 17.65 29.04 31.04 27.56 28.97 34.60 3318 38.70 39.42 39.61 40.58
S51IM 0.138 0.530 0.867 0.442 0.566 0.807 0.885 0.945 0.970 0.973 0.984
SAM 1.007 0.515 0.100 0.538 0.584 0.098 0.296 0213 0.115 0.117 0.073
case 3
PSNR 17.60 28.37 31.47 26.67 28.29 3426 3265 37.30 38.76 38.64 40.24
SSIM 0.139 0.516 0.867 0.431 0.564 0.821 0.885 0.933 0.974 0.972 0.984

SAM 1.024 0.535 0.119 0.569 0.605 0.117 0.233 0.212 0.114 0.119 0.075
Amne A
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6. Numerical examples

In this section, we test DAN and DAN-LA by training a binary
logistic regression classifier for the Covertype dataset from the
UCl machine learning repository (Dheeru & Karra Taniskidou,
2017), where the samples in Classes 3 and 7 are used. The
optimization problem involved has the following form:

min. () 2 Zy.lnoz, (1—y)In(1—o(z))+ <= ||cu|[2

where o € RSS and m = 56264 is the number of samples;
zi = o'X; where x; € R is the feature of the ith sample
with each entry normalized to [—1, 1], and y; € {0, 1} is the
corresponding label. The regularization parameter is chosen as
p = 0.01m. The gradient and Hessian are respectively Vi(w) =
Yoo xi(o(zi)—yi)+re and VZ(w) = Y L xix] o(zi)(1—o (zi))+r1.

For distributed training, we randomly partition the dataset
over n = 10 or n = 100 nodes with each one privately holding
a local subset. We compare our algorithms with the four second-
order methods: FNRC (Varagnolo et al., 2016), ESOM-3 (Mokhtari
et al., 2016), Newton tracking (Zhang et al., 2021), D-BFGS (Eisen
etal, 2017), and a first-order method: DIGing (Nedic et al., 2017).
An undirected communication network is constructed by adopt-
ing the Erdés-Rényi model (Erdés & Rényi, 1960), i.e., each pair
of nodes is connected with probability 2 Inn/n. For comparison,
the edge weights are generated by the Metropolis method (Nedi¢
et al, 2017; Shi et al.,, 2015).
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After flights of less than two hours,

11% of the army pilots and 33% of the
civilian pilots reported back pain.

6.1.3. Summary on the numerical example

The comparison of detection rates for faults in both S, and S; is
not included due to page limitation, which has a similar result to
the case study in the next subsection.

For all nonzero fault magnitudes, fault detection rates also re-
flect missing alarm rates. Further, the detection rates for zero fault
magnitude correspond to the false alarm rates. From Tables 3 and
4, it can be observed that the false alarm rates for three policies are
nearly the same.
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In summary, for both KPI-related and KPI-unrelated faults,
KPI-KPLS provided correct KPIs information, whereas MKPLS
gave wrong alarms. It is clear that KPI-KPLS is more effective
because it covers accurate scenarios of KPIs, which are unavail-
able in industrial processes. From this point of view, the criterion
in [34] and the criterion in this article can be used to analyze the
T? statistic. The details are presented in Table VII, where n,
is the number of samples for which the statistics exceeded their
thresholds, n; 1s the number of all fault samples, sy represents
that the listed inequality is satisfied, and X represents that the
listed inequality is unsatisfied. From the criterion in [34], if
Ny /n¢ > 10%, the fault would be a KPI-related fault; and if
the window size w > 10%n;, the KPI-related fault would be a
short-lived KPI-related fault. Applying these criteria, KPI-KPLS
accurately categorized faults, whereas MKPLS gave wrong in-
dications from Table VIL.
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Fig. 2. Monitoring performance of T? test statistic for Case II.

it continuously. This suggests that minor faults and noise
are difficult to detect. In contrast, the proposed SLR is able
to obtain more samples that exceed the control limit, which
indicates that its monitoring performance is better.

Case II simulates a step change that occurs in a hidden
variable. Compared with Case I, the fault slightly affects SPE
test statistic, but largely affects T? test statistic. Thus, only the
monitoring results of T? test statistic are displayed in Fig. 2.
[t is concluded that Case II is more difficult to detect since all

six methods fail to detect this fault at the 101st sample. Even
so, the proposed SLR can detect more fault samples, which
verifies that the proposed method is much more promising.

As shown in Fig. 10, fault scores from T statistics in SISPCA
identified variables vg, vy, and vg as faulty as they are signifi-
cantly greater than zero. Similar isolation results can be observed
for § P E statistics. On the other hand, both the contribution plots
of T? and S P E statistics successfully identified v7, vg as faulty,
however, it is difficult to identify vg as faulty, since the con-
tribution of vg is small. Considering that vg, vy, vg are CO,,
CO. H, concentrations measured by the same device. also later
findings confirmed that a fault occurs in the gas concentration
measurement device, it can be concluded that fault-isolation
results obtained by SISPCA are correct.

Figs. 11 and 12 further present the aggregated fault scores
using PCA and SISPCA. These results confirmed the previous
observation that SISPCA-based approach successfully identi-
fied the three gas concentrations as faulty, whereas PCA-based
contribution plot did not isolate vg as faulty.
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It would be interesting to learn why oxygen is depleted
during this type of sputtering.
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In the future, we will investigate the effect of using

an oxygen ambient.

How Businesses Can Adapt and-
Thrive in the New World of Work
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Alison Maitland & Peter Thomson =
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The results of this study may lead to the

development of effective methods for teaching
grammar to language immersion students.

The technique presented in this paper should be
useful in reducing the amount of sludge in

wastewater from semiconductor plants.
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6. Discussions, generalizations and applications

6.1. Insights from Noether's theorem

The celebrated Noether's theorem (Neuenschwander, 2011)
states that every differentiable symmetry of a group action on a
physical system is associated with a corresponding conservation
law. In special cases, two well-established conclusions on symme-
try and conservation laws could be briefly stated as (i) symmetry
under translations implies conservation of linear momentum, and
(ii) symmetry under rotations implies conservation of angular mo-
mentum. In our definitions of the linear momentum and angular
momentum for networked control systems, they are defined as
overall quantities relating to the sum of individual momentum
quantity over all agents. Thus, one can derive a multi-agent version
of conservation laws in the light of Noether's theorem. We should
emphasize that the symmetry in the context of distributed coor-
dination control of networked systems comes from the following
IwWo aspects:

e The invariance of a predefined potential function under
certain group actions, which enables one to calculate the
infinitesimal generator corresponding to the group action
along each agent's evolution;

o The undirected graph topology modelling the interactions
between neighbouring agents, which allows one to adopt
gradient-based controllers for a multi-agent coordination
control problem (e.g., (5)).

We now show new proofs for generalizations of Theorems 1
and 2 in a much more general sense, with insights gained from the
relation between symmetry and conservation laws. The main ideas
are based on the fact that a shape potential function for formation
control or coordination control, such as the one defined in (4}, is
invariant under translation/rotation group actions to all agents.
The proofs also involve the calculation of infinitesimal generators
of group actions associated with translations or rotations. We refer
the readers to Bullo and Lewis (2004, Chapter 5.4) for several
versions of theorem statements on invariance under actions and
infinitesimal generators. In the following analysis, we assume that

Pr+hat+---+h=0 (22)

and this proves the conservation of the overall linear momentum
(or equivalently, the invariance of the formation centroid) for a
coordination control system in the form p = —V,V derived from
more general potential functions. O

It is clear that the formation potential function in (4) is in-
variant under translation action, and the gradient-based formation
system can be derived from this potential under an undirected
graph topology. The above proof also incorporates previous proofs
reported in e.g. Garcia de Marina et al. (2016a), Krick et al. (2009),
Oh & Ahn (2014) and Sun and Anderson et al., 2017) in a unified
framework. We now show an alternative proof for a generalized
Theorem 2with the insight of rotation symmetry, by extending the
results to more general potential functions.

Theorem 8 (Conservation of Angular Momentum in General Dis-
tributed Coordination Systems). Consider a general potential function
denoted by V(py, pa. ..., pn) which is a function of relative vectors
(ie, pi—pjwith(i, j} € £)and is invariant under rotation action, and a
distributed coordination system evolving as a gradient descent flow of
V with an underlying undirected interaction graph. Then the angular
momentum of the distributed coordination system is conserved and is
zero.

Proof. The invariance of V under rotation action implies that, for
any R e SO0{d) with d = |2, 3},* there holds

Vipr.p2o--.B) =V(P1.P2s - s Pn)
= V(Rps, Rpa, ... Rpn). (23}

Note that any rotation matrix R can be written as R = ¢, where
¢ < Ris a scalar parameter (e.g. angle of rotation), and & < so(d) is
a skew symmetric matrix. In the following we focus on the proof in
the 3-D case, in which @ can be obtained from a vector w = B via
the so-called hat operator (Murray, Li, & Sastry, 1994); i.e, for any
b € B?, there holds @b = @ A b. The proof in the 2-D case follows
similarly but can be simplified since @ = sa(2) can be identified by
a single parameter instead of a vector as in the 3-D case.
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IV. CONCLUSION AND FUTURE WORK

In this article, we have introduced a deep spatial-spectral
elobal reasoning network for HSI denoising. To effectively
and efficiently explore the contextual information for HSI
denoising, we proposed two global reasoning modules to
capture context along the spatial and channel dimensions,
respectively. These two modules are further combined with
densely connected networks and form the encoder and decoder,
which can thus be used to exploit rich feature representations.
The network formed by the encoder and decoder can preserve
the image structures well while removing the complex noise.
Experiments have verified the superiority of our method on
both synthetic and real HSI data sets compared with other
state-of-the-art HSI denoising methods.

Although the proposed network achieves excellent perfor-
mance, the design of the network still lacks interpretation.
In the future, we may focus on designing an interpretable
network deduced from the traditional HSI denoising method
(e.g.. unfolding an iterative algorithm into a network), and thus
each module of the proposed network has its own physical
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Close the circle and move
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This paper has proposed two distributed second-order op-

B S2 B A 2 timization algorithms with global superlinear convergence. The
striking features lie in the use of (a) a finite-time set-consensus
method, (b) an adaptive version of Newton method for global
convergence, and (c) the low-rank matrix approximation meth-
ods to compress the Hessian for efficient communication. Future
works can focus on asynchronous versions of the proposed al-
gorithms as in Zhang and You (2019a, 2019b), the integration
of the proposed algorithms with quasi-Newton methods, and
developing more communication-efficient ones.
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7. Conclusions

PLS has been widely used for monitoring complex industrial
processes when quality variables are taken into account. There is,
however, a lack of understanding of PLS geometry for the purpose
of process monitoring. In this paper, the effect of Y on the decom-
position of the X-space is clearly shown and the geometric inter-
pretation of the PLS decomposition structure is given. Based on this
interpretation, two alternative algorithms of PLS, W-PLS and SIM-
PLS, are compared with the standard PLS in terms of the latent
space decomposition and process monitoring. It is demonstrated
that orthogonal sample space decomposition achieved by PLS is
critical for process monitoring. It is concluded from analysis and
simulation that monitoring using W-PLS and SIMPLS will cause
ambiguous alarms and more missed alarms than the standard PLS.
The standard PLS is the most appropriate for process monitoring
among these alternative algorithms.
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V. CONCLUSION

This paper proposed the framework for QFDD with applica-
tion to batch multimode processes. The framework consists of
three relevant methods: multimode clustering, a nonlinear fault
diagnosis method, and online classification of the new measure-
ment. The training data from different operating modes were
clustered using the nonlinear KFCM-based method, and a BWP
index was developed for determining the optimal mode number.
The KPLS method was improved by considering a higher FDR,
and based on it, the contribution rate method was used for fault
diagnosis. The online data were classified using the abilities of
KPLS regression and Bayes inference.

The proposed methods were applied to a batch HSMR
process to diagnose faults that affect the product’s thickness
and flatness. It was seen that the framework can show accu-
rate clustering results, higher detection, and precise diagnosis
performance.

Future work considers topics with dynamics and non-
Gaussian dataset in batch multimode processes to achieve
optimal operating performance.
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Numerical
studies on the TE benchmark process have verified
that the proposed framework can improve the
monitoring ability and the proposed optimization
algorithm is  convergent.  Naturally, the
spatiotemporal prior can be combined with other
data-driven PM approaches, which deserves further
investigation.
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VII. CONCLUSION

In this article, we proposed a novel feature selec-
tion approach, named unsupervised feature selection with
RSOGFS, to solve the original {>p-norm constrained prob-
lem instead of solving its relaxed or approximate problem.
RSOGEFS directly selects a good feature subset rather than
selecting good individuals one by one. Moreover, RSOGFS
simultaneously performs feature selection and similarity
matrix construction to adaptively learn the local manifold
structure of data. Most importantly, two optimization strate-
gies are derived to optimize the proposed RSOGFS model.
We proved the convergence and approximation guarantees for
the new algorithms. The superiority of RSOGFS over the state
of the arts was demonstrated on real-world data sets.
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Insummary, wereport the observation of two types (centre divergent
and centre convergent) of skyrmion-like polar nanodomainin PbTiO,/

| )}%{F&)ﬁiﬁ , j%‘iﬁj f“""[ﬁ SrTiO, bilayers transferred onto silicon, which can be converted to

eachother by applying an external electric field. High-density resistive
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It is clear from the forgoing discussion that --

This demonstration/illustration/comparison shows -:-

The above results/data lead us to a conclusion that ---

From the results we have obtained/it can be concluded that --
On the basis of these results we conclude that --

All these data confirm the previous assumption that ---

O O 0O000O0 0

It has been proved that the separation ratio of this system is superior to that of

the conventional system.

O

Studies and trials have led to the conclusion that digital voice transmission has

substantial advantages over analog transmission and should thus be provided for

121




Il . &%
> % FE

O On the basis of -, the following conclusion can be drawn---

O From -:-, we now conclude ---

O To sum up, we have revealed-

O We have demonstrated in this paper---

O The results of the experiment indicate--

O On conclusion, the result shows:*‘*

O We have described:::, we found--

O The research work has brought about a discovery of -

O Finally, a summary is given of -

[0 These findings of the research have led the author to the conclusion that---
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Conclusion

Our results comprehensively demonstrate that a pure reinforcement
learning approach is fully feasible, even in the most challenging of
domains: it is possible to train to superhuman level, without human
examples or guidance, given no knowledge of the domain beyond basic
rules. Furthermore, a pure reinforcement learning approach requires
just a few more hours to train, and achieves much better asymptotic
performance, compared to training on human expert data. Using this
approach, AlphaGo Zero defeated the strongest previous versions of
AlphaGo, which were trained from human data using handcrafted fea-
tures, by a large margin.

Humankind has accumulated Go knowledge from millions of games
played over thousands of years, collectively distilled into patterns, prov-
erbs and books. In the space of a few days, starting fabula rasa, AlphaGo
Zero was able to rediscover much of this Go knowledge, as well as novel
strategies that provide new insights into the oldest of games.
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