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B. Practical case

In this subsectig

process with both continuous and
binary variables f Jra-supercritical thermal power plant
(USTPP) 1s adopte femenstrated the effectiveness and
efficiency of the proposed method. USTPP has attracted much
attention in the power industry due to its high efficiency
of power generation, low pollution emissions, and high op-
erational reliability [2]. |38]. However, it will bring huge
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Thus the method secks the best matrix W that minimizes the raw (e,
loss function):

W

N
(W)=Y aglay 2)
ig=1
where for i,7 =1,...,] N, ay - nowWT wrig.;hts and ih%
) — Elag )l = W T {B(x,) — 2,0} (3)

The key izsue ingfploying RBFs in MDS is to decide their centers, 'his includes
e centers to be used and then what they should his issue has
| addressed in existing literature. For example Webb™#% | suggests to
random’ choose the centers and then use an expensive cross-validation procedurs

to dpfide what they are. We have recently proposed Regularized Multidimensional

Spfling with Radial basis function (RMDS) which takes a completely different route
‘ nd regard the selection of the centers as a multi-task learning problem that has
“r m idbolymsbeebier- Tt mmerssand czrio ot al. (1. 2].
v. | a regularization term ||W {|.§_| iz added to the The opti-
N mization model thus becomes
oy min _ P(W) = o (W) 34| W|3, q ® 1
~ Xl ] (W] + Wz, (4]

here (2, 1}-norm of W is obtained by first computing the 2-norms of the rows W)

and then the 1-norm of the vector [|[Wi.||, [Walls - .- Wl -
Wl = W] 4 .-+ [IWe]. g =

here Wy is the sth row of W. The (2,1)-norm favors a small number of nonzero
rows in the matrix W, therefore ensuring that the common features (most effective
cegters) will be selected. The (2, 1)-norm is nonsmooth differentiable) and the
¥ function o2(W) is not convex. Hence, proble difficult to solve. So
injorization strategy and the techniques are nifEE0mbined to handle the
(2, 1}-norm which led us to the function na,& I
QIW,C) = (W) + (WWT ) '
BMDS uses data in unsupervised settings that means BMDS does not use any
prior information of the dataset. This article is concerned on the supervised set-
ting. Here we have incorporated the class information of some members of data to
the RMDS model and disenssed the improvement of Supervised Regularized Mul-
tidimensional Sealing (SEMDS) over RMDS. The ohjective function with the class
separability term can be defined by :

n
J=(1 = A)\ss+2Isp hﬁd"t" (‘p\o'hl N o

separability eriterion, Jsp 1= a structure-preserving stress
1) determines the relative effects of these two terms. A

(5)

where Jsg s a class
term and A0 < A -

value of A 1.0 gives the standard multidimensional scaling criterion with no
class information. At the other extreme, A = 0 means that emphasis is on class
separability.

The rest of the article s organized as follows. In the next section, we have
introduced notations and terminilogies that have been used through out this artacle.
In Section 3, we will review RMDS model I"iir:h 15 an improvement of the RBF-

MDS model introduced by Webb [34] a the way, we will also highlight an

iterative block-majorization method which™= e applied on our proposed model.
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Deep Spatial-Spectral Global Reasoning Net

for Hyperspectral

Xiangyong Cao'”, Xueyang Fu, Chen Xu®, and Deyu Meng®. Member, IEE

Abstraci— Although deep neural networks (DNNs) have been
widely applied to hyperspectral image (HSI) denaising, most
DNN-based HSI de ethads are designed by stacking con-
volution layer, which can only medel and reason local relations,
and thus ignore the global contextual information. To address
this issue, we propuse a deep spatial-spectral global reasoning
metwork to consider both the loeal and global information for
HST noise removal. Specilically, two novel modules are proposed
to model and reason global rchl]ul-] information. The first one

the channels. Compared to traditional comvolution operations,
the two propased modules cnable the network to extrac rep-
resentations from new dimensions. For the HS1 denoising task,
the two modules, a5 well a5 the densely connected structures,

noise by expluiting multiple representations. e.g.. hierarchical

local feature, global spatial coberence, cross-channel eorrelation,

and multi-scale ahstract representation. Experiments on bath

synthetic and real HSI data demonstrate that our proposed

network can obtain comparable or even better denoising results
an other state-of-the-art methods.

Index Terms—Desp meural network (DNN), global channel

module (GCM), global spatial module (GSM), hyperspectral
image (HSI) denoising.

1 INTRODUCTION

I).' THE remote seasing commanity, it is a crucial task to
remove noise from hyperspeciral images (HSIs) since the
noise can severely degrade the image quality, and thus impair
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Image Denoising

the performance of subsequent HSI applicatio
sification [1}-[5]. hyperspectral dimensionalit
object detoction of HSI [7], and unmixing [8],
this issue, a large number of HSI denoising me
proposed in the last few decades. Generally.,
can be divided into two categorics, namely moc
methods and data-driven-based methods.

A Relaied Work: Model-Driven-Based Metha,
Data-Driven-Based Methods

The model-driven-based HSI denoising
designed by utilizing the prior knowledge of
as spatial-spectral total variation [10], [11],
nen-local mean [12], [13), spatiakspeciral 5
tation [13}-{16], and low-rank prior [171-[26
He et al. [11] assumed that HSls are piecewis
spatial dimeasion and adopied the total variatio
property. Qian and Ye [13] introduced the nor
and spectral-spatial structure of HSI into sparsc
Zhao and Yang [15] adopted sparse coding to ¢
redundancy and correlation (RAC) in the spa
local RAC in the spectral domain. Peng etal. |
the noalocal similarity over space and the gl
across the spectrum of HSIs and proposed a &
arning (TDL) model. Chen ef al. [18] mo
with non-independent identically distributed
of Gaussian distributions in the low-rank mat
model. Recently, non-local low-rank tensor-
i, KBR [24], LLRT [ Gmeet [26
of-the-art denoising results since they
intrinsic property of the HSI

Recently, the data-driven-bascd methods us
ing have been applicd to the HSI denoising
Specifically, Chang ef al. [27] first introduce:
volutional neural network for HSI denoising.
developed a spatial-spectral deep residual con
network with multi-scale and multi-level
senation, Dong et al. [29] preseated a mod
ccture to exploit spatial-speetral correl
Wei e al. [30] introduced a quasi-recurrcat
into the 3-D U-net to further capture the gh

ong the spectrum. Zhang et ai. [31] presen

jabor,

arch

CNN by incorporating the spatial-spectral gr
tion. Liu and Lee [32] proposed a 3D di
HSI denoising. Zhang et al [33] proposed
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This paper Consilers the dstbINed OPURIZAT0N [TODIem WHETE Sach None of 1 Peer-to-peer nerwork
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Introduction

Distribured optimization entails solving the foflowing problem
over a peer-to-peer network system

F(xy..... a0 Jix)
e .20 S o

=1
subjectto Xy =--- =Xy € BF

where each node i privately holds a local objective function J;
and updates its dedision vector x; via communicating with its
neighboring nodes. Our goal is to design efficient distribured
aigorithms io find an optimal solution of (1), Mary effarts have

devated along this line, see eg, Nedit et al
and Li (2019, al, {2017}, Xin and Khan (20
known that the fastest rate for first-order methods is linear (Nes-
2018), and second-arder methods are unavoidable for the
superlinear convergence.
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Unfortunately, the existing distributed methods cannot achieve
global superiinear convergence rates, In contrast, our paper pro-
poses two Newton-based distributed algorithms with global
quadratic and superlinear convergence rates, respectively. A di-
ect comparison with the existing literature can be found in
Tahie 1. For second-order methods in Mansoori and Wi

0). al. (. Tutunoy et al. (2019) and Zargham
et 2l (2014), an frewcer penalization seformubarion 25 2 -
constrained optimization problem is adopted tn salve (1), Their
superlinear rate is restricted to a limited region, which does nat
include an optimal solution, and then reduced to a linear rate.
Even L)mugh the inexact issue has been resolved in etal
(20 15) and Vasagnalo et sl (2016), their convergence rates
are s:m linear.

Under a master-slave network configuration, some distributed
quasi-Newtan methods have been proposed i L

14), Wang et al. (3018), Zhang and Lin f21|§‘ and Soori
et al. (2020}, Though the master node of this setting uses all the
information from the slave nodes, the algorithms in Shamir et
(2014). Zhang and Lin(2015) and Wang still converge
linearly, and only Soori et 1) achieves a local superiinear
convergence rate If the starting point is sulliciently close to an
optimal solutian.

Ta achieve a global superiinear convergence rate, two bot-
tlenecks have to be resolved, The first is the use of the linear
consensus algorithm whose convergence rate is at most linear.
Thus, the resulting second-order methods are still constrained

a
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inexact proximal ALM and ADMM for
yosite programming
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»r a class of linearly constrained convex composite opti-
:t) symmetric Gauss—Seidel based majorized multi-block
1method of multipliers (ADMM) is equivalent to an inex-
rangian method. This equivalence not only provides new
£ some ADMM-type algorithms but also supplies mean-
enting them to achieve better computational efficiency.
+ hy-product of this equivalence is the convergence of the
1 the classic ADMM with a step-length that exceeds the
{1+ +/5)/2. if one part of the objective is linear. This is
which the very first convergence analysis of ADMM was
rcier (Comput Math Appl 2(1):17-40, 1976), but. even
ptions, only the convergence of the primal sequence was
rative examples are provided to demonstrate the breadth
- results can be used. Numerical experiments on solving

convex quadratic semidefinite programming problems
ow the theoretical results established here can lead to
onding practical implementations.
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Dear Ms. Carey:

Y YAl T am writing to apply for your position in wine wholesale as advertised on Crimson Careers. This
N exciting opportunity appears to be a wonderful fit with my professional experience, personal
n ) interests, and career goals.

1am returning to Boston to complete my final year at Harvard University Extension School,
where I am majoring in French and cconomics. Having spent the year working and traveling, I am
eager to incorporate myself once again into the local wine community, to which I can bring
experience in a number of sectors of the industry.

Q

Through cight years in the restaurant field, 1 ::vc acquired a decp love of and appreciation for
wine and cuisine. 1 have been known to wax thapsodic over specials; nothing made me happier
than discussing a bottle with a table. This enthusiasm allowed me to introduce a list of reserve
selections to Shay’s Pub and Wine Bar. The result was an appreciable increase in sales for the
restaurant and repeat attendance by customers. My position at Aspen's award-winning Montagna
allowed me to expand upon my knowledge of wine, locally inspired cuisine, and the highest
standards of service. Our weekly blind-tastings fucled my desire to further myself in this field,
and I am in the process of acquiring certification through both the Court of Master Sommelicrs
and the Wine Spirit and Education Trust

Most recently, I have retumned from France where I was lucky enough to work on an organic
vineyard in Beaujolais. I adored working with the young, dynamic, vigneron who ran the estate,
the largest of its kind in the region. A position at your wholesale wine company would allow me
to draw upon this experience and to facilitate the success of such producers. Additionally, it
would enable me to replicate the most enjoyable components of my experience overall: working
with my colleagues in the local restaurant industry, as well as with distinctive, iconoclastic wine-
makers.

1am readily available via email or phone in order to arrange an interview, and have attached my
resume below per your request. Please do not hesitate to contact me if you have any questions. I
appreciate your consideration and look forward to hearing from you.

Sincerely,

Georgina Santiago 0 00
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The Associate Editor and Reviewers have recommended publication, but also suggest some minor
revisions to your manuscript. Therefore, I invite you to respond to the Reviewers' Comments,

included at the bottom of this letter, and revise your manuscript accordingly

Once again, thank you for submitting your manuscript to the -+ and we look forward to receiving
your revision.

Sincerely,
Editor-in-Chief
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account.
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Fig. 3. Fiowchan of the TE process.

where the F distribution depends on the degrees of freedom
i —r and the significance level . Once the control limit is
estimated, the detection logic can be determined by

{ 2> g = faulty o
T < dpps = fault-free,

which shows that when T statistic exceeds the control limit,
there occurs a faul, otherwise, there exists no fault. Followis
a similar as the arguments in [1], the whole monitoring straegy
can be summarized in Fig. 2.

V. SIMULATION STUDIES

‘This section will demonstrate the effectiveness and efficacy
of the proposed STPCA over PCA, SPCA, and TPCA, on the
benchmark Tennessee Eastman (TE) process. It is worth noting
that SPCA can include these approaches in [10]-{12]

» FCA g = g = 0;

» Spatial PCA (SPCA): piz — 0

+ Temporal PCA (TFCA): iy — 0.

A. Data Preparation

The TE process is a benchmark database, which has been
broadly used to test different PM approaches [18]; please refer
to Fig, 3 for the detailed Aowchart. In the TE process. a total
of 21 fault data sets are collected, esch of which has a training
sel with 480 samples and a festing set with 960 samples.
Moreover, a fault has been introduced to the testing set at
the 161st sample. In addition, each data set has 52 variables,
including 22 process variables, 19 analysis variables, and 11
manipulated variabls.

In this study, we choose 33 variables (22 process variables
and 11 manipulated variables) as suggested in [10]. Since fault
Nos. 3.0,15,21 are relatively difficult for data-driven PM
monitoring approaches, thus these faults are not considered
here. It is admitted that, choosing a proper regularization

arameler is nol a frivial task. For the compared SPCA.
TPCA, and STPCA, parameters X,y ug are selecied using
five fold cross-validation and then fixed in the optimization

dure. In order 1o measure the monitoring performance.
two probability indicators, ie., fault detection rale (FDR) and
false alarm raie (FAR), are defined as follows

FDR = prob(T? > Jen 1= | f £ 0).
R = prob(T? = Jyp= | £ =0). (19)

TABLE |
MONITORING RESULTS OF PCA, SPCA, TPCA. AND STPCA

SPCA
DR FAR

B. Monitoring Performance
Table 1 lists the fault detection rate (FDR) and false alarm

rale (FAR) values achieved by the comparison FM approaches.
Moreover, the monitaring results of the proposed STPCA are
marked in bold. 1t can be easily concluded that all AR values
are low, which illustrates that the PCA-based PM approaches
are capable of detecting false alarms. Compared with PCA, all
its variants, i.e., SPCA, TPCA, and STPCA, have larger FDR
values, which illusirates that the graph prior is beneficial for
PM because it can maintain the latent structure of processes
Furthermore, the performance of STPCA is hetter than or as
good as SPCA. Even for some difficult situations, such as fault
No. 20, the increase is still positive, which illustrates that the
temporal graph prior is helpful for monitoring processes. The
reason behind is that the local geometric manifold structure of
fault samples can be captured and preserved, thereby making
the monitoring more robust (o corruptions.

In order to visualize the monitoring performance. the T st
statistic of faults No. 5 and No. 10 are displayed in Fig. 4 and
Fig 5. respectively. For fault No. 5, the fault can be recopnized

at the 1615t sample but cannot be detected continuously. In
comparison, the proposed STPCA can still achieve oulstanding
menitoring results, that is. numbers that violated the control
limit between 300-500 samples. For fault No. 10, although the

data set has 52 variables, however in this study we remove 19
analysis variables sampled less frequently and only choose the
other 33 variables. Since faults IDV(3). IDV(9). IDV(I5), and
IDV/(21) are relatively difficult for data-driven PM monitoring
approaches, thus these faults are not considered here.

1t is admitted that choosing a proper regularization param-
eter is not a trivial task. For the compared SPCA. TPCA,
and STPCA, paramelers A, 1. o are selecied using five-fold
eross-validation and then fixed in the optimization procedure.
To measure the monitoring performance. two probability in-
dicalors, i.¢.. fault detection rate (FDR) and false alarm rage
(FAR). are defined as FDR — prob(T® > Jiapa | £ #0) and
FAR — prob(T* = Ju1= | £ — 0). A higher FDR value or
lower FAR value impliés betler monitoring performance. The
FDR value is 100% if all faulty samples are detected, whik:
the FAR value is 0% If all fault-free sampies are not alamed.

B. Monitoring Strategy

Following a similar line as the arguments in [1], the whok

legy contains offline modeling and cnline mon-

itoring, which can be summarized as follows
) Data Normalization: To begin with, the modeling data
X and moniloring data Y should be normalized to eliminak
the influence of measurement units

2) Noise Reduction: Afler solving the proposed STPCA
the modeling data X is decomposed into a low-rank
component A plus a sparse companent E, where A reflects
the clean process information and E reflects the random noise.
Unlike the classical PCA. SVD is performed on marix A as

A-UZV (15)

whers ¥ is the singular matrix and V is the loading matrix
3} Comrol Limis Determination: The comesponding control
limit for T* statistic can be estimated by

(16)

where the F distribution depends on the degrees of freedom
r,n — r and the significance level o

Test Statistic Calculation: Denote W X be the
variance matrix of PCs. then the T2 statistic can be applied 1o
monitor the process. which is defined as

T =y VWV Ty, an

where y, Is the ith sample of monitoring data
e Monitoring: Once the control limit s determined,
the detection logic can e checked by
T o dyp = faulty
Joe = faultfree.

(18

C Monitoring Perfarmance

“The monitoring performance for faults IDV(S) and IDV(10)
are shown in Fig. 3 and Fig. 4, respectively. For fault IDV(S),
the fault can be detecied at the 1615t sample but cannot be
detected continuously. In comparison, the proposed STPCA

for fautt IOV 15 in the TE process: (a) PC
stec

oo
o =
L ]
= ﬂ@
iK
-
o E "
e
[ S Sterer | Y ey
o
g
of .
EJ e

4 Monkoring perfornce fr fut V(D) in e TE proces 4
PCA, (b SPCA, (¢} TPCA, and ()

can siill achieve outstanding monitoring results; see the num-
bers that violaled the control limit between 350-400 samples.
For fault IDV(10), all mentioned PCA-based approaches fail
1o delect it at the 1615t sample. However, afler a few samples,
the fault can be detzcted to a certain extent, but the monitoring
performance is unstable. In contrast, STPCA can achieve better
monitoring results; see smples around 600 in Fig. 4. Actually,
this superiority can be auribuied (o the spatiotemporal prior,
which has strong potential in PM.

Table 1 reports the achieved FDR and FAR values for the
selected faults in the TE ess. Moreover, the monitoring
results of the proposed STPCA are indicated in bold. It can be
easily concluded that faults IDV(1), IDV(2), IDV(7), IDV(8),
IDV(12). IDV(13), and IDV(14) are relative 1o detect
for all approaches since their FDR values are more than 00%.
In particular, the FDR value of fault IDV(7) is 100%, which
means that this fault can be successfully detected. Compared
with the classical PCA, all its variants, ie.. SPCA, TPCA,
and STPCA, obiain larger FDR values, which illustrates that
the graph prior is beneficial for PM as it preserves the latent
structure of processes. Furthermore, the performance of the
proposed STPCA is betier than or as good as others. Even for
ome difficult situations, such as fault 1DV(20), increase
s still positive, which validates that the temporal graph prior
is helpful for monitoring processes. The reason behind is that
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Reply to the comments of reviewers on the manuscript

Title

We are very orateful for your careful reading and comments on our manuscript
(ID: TCAS-1I-12272-2021)] We have carefully read reviewers’ reports and revised the
manuscript according to reviewers’ suggestions. Changes are in blue in the manuscript
for easy check. We have addressed all the comments in detail and hope the new version
is satisfactory for possible publication in IEEE Transactions on Circuits and Systems
II: Express Briefs.
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7 Comments by Associate Editor:

Question 1: Four reviewers’ reports were collected on this manuscript,
two major revisions and two minor revisions. All of them raised several
technical issues which should be addressed during the next revision. Con-
sidering the recommendations of the reviewers as well as my own reading
and analysis, the authors should prepare a full revision of this paper taking
all the above comments into account.

Answer 1: Thank you for affirming the contribution of this manuscript and allow-
ing a revision with an opportunity to address the reviewers’ comments. In this new

version, we have made the following main modifications:

e Revise the Abstract and Conclusion to highlight the novelty and contributions
of this manuscript.

e Add some recent references in the Introduction to reflect the recent progress made

by the research community.
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2 Comments by the First Reviewer:

Question 1: Although this paper is well written and easy to follow,
there are still some typos. I would like to recommend the authors carefully
proofread this paper and correct all the typos in the revision.

Answer 1: According to your suggestions. we have done our best to correct all the
typos throughout the manuscript. and changes in the manuscript are indicated in blue
for easy check. We hope you are satisfied with the revision.

Question 2: Some related feature dimension reduction methods are miss-
ing in the current version. For example, ” Compound Rank-k Projections for
Bilinear Analysis”, 7 Adaptive Unsupervised Feature Selection With Struc-
ture Regularization” and ”An Adaptive Semisupervised Feature Analysis
for Video Semantic Recognition”.

Answer 2: In this manuscript, we only consider PCA-related process monitoring

methods, thus some feature dimension reduction methods are not referred here. In
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f Comments by Third Reviewer:

Question: The topic of robust PCA/PLS has been beaten to death and is not
something new - as the authors claim. A comprehensive review article in this regard
1S:

Robust partial least squares regression: Part 1. algorithmic developments, Journal of
Chemometrics 22(1) 1-13, 2008.

The works by Hubert and Rousseeuw as well as Stahel and Donoho produced early
approaches/estimators for PCA models that are robust to outliers. In comparison,
the submitted article does not review any of these works and does not add anything
different to what existing body of work. Concerning to me 1s also that the reviewed
literature was predominantly produced by authors of a specific geographic location,
which 1s not a true reflection of the efforts made by the research community and

professionally unacceptable.
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Abstract

Canonical correlation analysis ((CA) has attracted much atte
siti-views data. However, most of the variants of CCA ignore

sy cletermine the pumber uamnmml variables. To overcome the
ysis (JSCCCA)

canonical (m!vln on a
sparse constraint is integrated into OC
kit e it pretability of ¢

nonical variables and ace

descent is proposed.
a stationary point with finit

erations. Finally,

proposed. Instead of considering Lz

ctive altemating minimization algorithm (AMA) wing iterative hard thresholding and r
o it s proved that any m(mm:lnliml point o the sequence generated by AM

ntion due to its eff in exploring the

the similarity information belonging to the same group and e
in this paper, a sevel joint sparsity constrained
orm regularization, L0-norm joint
advantage of the Ly g-norm constrained optin C
eately control the colected variblcs In the proposed approach
anifold constrained gradient
can converse to
uation are conducted

£

studies and

s tection, o 4

e
the efficiency of the proposed method. To the best of

mportant-applicaticn i CREiNees g fa
wur knowledge, this is the first, work to integrate the L0/ norm joint sparse constraint into a CCA framework.

Key words: Canonical correlation analysis (CCA):
CCCA): altenating minimization algorithm (AMA

norm,
; fault

joint. sparsity constrained canonical cortelation analysis

detection,

1 Introduction

Recent years have witnessed a growing interest in learn-
ing representations from multiviest data—tos example.
face images of & person i different poses and lighting
conditions isd L s Therefore,
) the SRERERR date. il contrilate %0 a betier 1
derstanding because cach view provides different but
complementary information (Miao, Yu. Ji and Zhou
(2019); Hardoon, Szedmak and Shawe-Taylor (2004)
Sun (2013)). To improve the representation, differ-
ent types of GG learning methods have by
proposed. For instance, canonieal correlation analy-
sis (CCA), bilinear model (BLM), partial least square

o1l

* This work was supported in part by the National Nat-
ural Science Foundation of China (Grant Nos. 61633001
12001019, 11771255). and in part by the Young Innovation
Teams of Shandong Province (Grant No. 2019KJI0L3).

Ermail addresses: xexindpiu. edu_cn (Xianchao Xiu),
panlili1s798163.con (Lili Pan), ku.edu. cn (Ving
Yang), W Lincurtin. edu.au (Wanquan Lin)

Preprint submitted to Automatica

(PLS}, and deep neural networks. Despite the aforemen-
tioned methods, CCA is still one of the most impre:
methods, and it is extensively applied in the fields
as pattern analysis, machine learning, signal processing
biomedical science, and industrial electronics.

Even though CCA has the capability of
widiisdon feature selection, it still has some limita-
tions. In high-dimensionsl settings, each view may be
redundant, which means that not all variables in the
original space are identically informative for interpret-
ing the canonical variables. In this case, if the learned
anonical londings are not ally sparse or selee-
tive, it will be difficult to obtain a consistent common
representation with promising diseriminability, which
inspited many researchers to propose different variants
of CCA. Generally speaking, the extensions can be
surted into three categorio riminative CCA (S
Xie and Yang (2015)), Beep CCA (Andrew
Bilmes and Livescu (2013)), and sparse CCA (SCCA)
(Xu, Zhu, Zhang, Zhao and Li (2020)). Compared with
the first two categories, SCCA is frequently investigated

i Fobruary 2021

awll oyoed |Z0Z L1ZL:E0 v ABW SN papeojdn JUSWUIENY

Deep Canonical Correlation Analysi

Using

Sparsity Constrained Optimization for
Nonlinear Process Monitoring

Absirace—This paper proposes an efficient. nonline
monitoring method (DCCA-SCO) by integrating canonc
lation analysis (CCA), deep anto-encoder (AE) neural networks
and sparsty constrsined optimizaion (SCOL Specifcll. 1 decp
AE peural network is first embedded fo kearn a_ non
function automatically, which characterizes intrinsic featu
¥ performed in that low-
resentation space {o extract the most
correlated variables In addition. the SCO is imposed on the
procedure to reduce the redundancy of the representation.
Unlike other deep CCA methods, the DCCA-SCO provides a
new nonlinear method that is able to kearn a nonlinear mapping
with a sparse prior. The validity of the propased DCCA-SCO s
extensively demonstrated on the benchmark Tennessee Eastman
(TE) process and the dicsl swnerator process I paricuar
compar fauli ~Jetection rate is
increased by ‘7o and K00% for th T VAL

Index Terms—Process monitoring (PM), eanonical eorrelation
analysis (CCA), auto<ncoder (AE), sparsity constrained apti-
mization (SCO).

L. INTRODUCTION

ITH the development of intelligent manufacturing,
artficial intelligence and machine intelligence play a
very important roke in modem industry. Machine vision, as the
application of machine intelligence in electronic engineering.
is often used for automatic detection, process monitoring
(PM), and robot guidance.
PM s crucial in safisfying the high mquireaents for product
iy ety wwt, prrbiotion caets; sty bk,
and environmental protection. Compared with model-based
PM, data-driven PM becomes more efficient due to the devel-
opment of big-data computing and modem sensog (sec [1] and
referenaes therein). The most popular data-driven PM methods
imvalve principal component analysis (PCA) [2], independent
component. analysis (ICA) [3]. partial least squares (PLS)
[4], and canonical comelation analysis (CCA) [3] From the
perspective of mpresentation leaming, OCA is different from
other methods because it iniegrates inputs and outputs of the
process data, which can provide an effective way ta explore
the relationship ameng process variables and to allow for
better monitoring. Therefore, CCA-based PM has attracied
increasing atiention in the research community [61-[9]
In fact, CCA can b traced bock (0 Hoeling [10], which
& pair of canonical matrices such that the
projected variables have maximum comelations [11]. Recently
Yang et al. [12] makes a comprehensive review about CCA and
s various exiensions, and Even
though CCA is widely used in medical scienoe and computer
wision, the applications to PM have not been considered

sufficiently. Chen er al. [5] was the first to develop a CCA-
based PM in both static and dynamic processes, and verified
the effectivencss by using an alumina evaporation process
The basic idea is to consider two sets of process variables,
gemerate a residual based on canonical correlations, construct
a fest statistical metric. and build a detection IDE.IEIU determine
whether a fault occurs. Since then, CCA-based PM has been
well meognized. In [6], the CCA was incorporated with a
statistical local technique fo defect incipient maltiplicative
faults. In [7], the distribated CCA for plant-wide processes
was designed by describing the correlation between differcat
operation units. In [8], the multimods PM was addressed,
which extended CCA-based PM to deal with complex cases,
In addition, quality-rlevant monitoring was considered in [9]
and the performance was also evaluated using the Tennessee
Eastman (TE) process

Although CCA has achieved great sucoess in PM, there are
still some shoricomings. The first sharicoming of the classical
CCA is that it cannot model nonlinear process data, It is
accepizd that modem industrial processes are usually compli-
cated, which makes CCA-based PM perform poorly owing to
its assumption that the relationship among laknt process vari-
ables is linear. To alleviate this issue, Lin er al. [13] proposed
kemel €CA (KCCA) to extract the cananical correlations. The
feature is to use a kemel function 1o project the original
nonlincar process data ey a higher dimensional space. inwhich
ihe projecied data can be separaied by linear clossifiers [14]
In comparison with CCA, the KOCA is able 1o capture the

®presentation
disadvantage, that is, the kemel function nceds to be carfully
en before monitoring. More importantly, it takes a long
ve to calculate KCCA, which brings a hinder to these
kernel-based PM methods. Thanks to the development of deep
neural networks, the nonlinear function can be automatically
leamned from the given data. Accordingly, Andrew et al [15]
constructed a deep CCA (DCCAD framework by embedding
two conventional neural networks. It was shown that DOCA
can leam a betier reprsentation with higher comelations
than those keamned by the existing CCA and KOCA. Later.
Wang 1 al [16] introduced deep auto-encoder (AE) neural
networks for CCA, in which the leamed features were forced
1 accuraely reconstruct the inputs. A similar idea has been
successfully weed in PM, such as deep coupling AE [17] and
decp nonnegative matrix factorizetion with AE [18]. Very
recently, by incorporating decp belief neural networks and
CCA, Jiang &1 al [19] proposed a DOCA monitoring scheme
for nonlinear PM and then extended it to nonlincar batch

http://wveve.jeee-es.org/

CBr

!




Il=. BEX
—_N

> If Accepted !

MERRE, BE—VENELERZA 4!



|| 154

rm

E




I‘ N /\f&

The Most Common Habaits from more than 200 English Papers written by
Graduate Chinese Engineering Students

By Felicia Brittman

This paper presents some of the most common Chinese-English habits observed
from over two hundred English technical papers by Chinese writers. The habits are
explained and in most cases, example text from an actual paper is given along with
preferred text. An attempt is made to explain how to correct and prevent such mistakes.
In some cases a possible explanation of why the habit occurs is also given. This paper
can serve as an individual guide to editing technical papers especially when a native
English-speaking editor is unavailable.
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> #t/Da/an/the

O Incorrect: Figure 2 shows the distribution of relative velocity on surface of main and
splitter blades.

O Correct: Figure 2 shows the distribution of relative velocity on the surface of the main
and splitter blades.
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O Very long sentences are especially common in

Chinese-English writing because the writers RWEBCERES
often translate directly from Chinese to A 71:
English. Although, in Chinese writing it is 5 ¥ i
acceptable to put several supporting ideas in X =

on sentence to show their relationship, in , ?:E
English, the main idea and each supporting | ?}'E

idea is typically written in separate sentences.
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O Too long: The gear transmission is grade seven, the gear gap is 0.00012 radians, the gear
gap has different output values corresponding to any given input value, nonlinearity of the
gear gap model can be described by using the phase function method, the existing backlash
block in the non-linear library of the Matlab/zdimulink toolbox can be used, the initial
value of gear gap in the backlash block is set to zero.

O Correct: The gear transmission is grade seven. The gear gap, which is 0.00012 radians, has
different output values corresponding to any given input value. The nonlinearity of the gear
gap model can be described by using the phase function method. The existing backlash
block in the non-linear library of the Matlab/zdimulink toolbox can be used; the initial
value of gear gap in the backlash block is set to zero.
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O Incorrect : For the application in automobile interiors, this paper studies the nesting
optimization problem in leather manufacturing.

O Correct: This paper studies the nesting optimization problem in leather manufacturing for
application in automobile interiors.
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O Incorrect: To ensure sheet metal quality as well as assembly quality, CMMs are widely
used in automotive industry production.

O Correct: CMMs are widely used in automotive industry production to ensure sheet metal
quality as well as assembly quality.
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O Incorrect: 12 parameters were selected for the experiment.

O Correct: Twelve parameters were selected for the experiment.
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O Incorrect: If the power battery SOC > SOClo and the driving torque belongs to the
middle load, -

O Correct: If the power battery SOC is greater than SOClo and the driving torque belongs
to the middle load, -
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O Incorrect: Figure.6, Figure6, Fig.6, Tbl10
O Correct: Figure 6, Fig. 6, Tbl. 10
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Instead of Say Or say
Research work Research Work
Limit condition Limut condition
Knowledge memory Knowledge Memory
Sketch map Sketch map
Layout scheme Layout scheme
Arrangement plan Arrangement plan
Output performance Output performance
Simulation results results simulation
Knowledge information Knowledge information
Calculation results results calculation
Application results Results Application
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O Do not write ‘by this way’ . Instead write by doing this” , or ‘using this method” .

i

O Never write ‘How to-*+’ at the beginning of a sentence. (Don’ t say it ither.)

O Do not write ‘the results are showed as Figure 2’ . Do write ‘the results are shown in
Figure 2° .
O Refrain from using the word obviously in a technical paper

O Avoid overusing the phrases ‘that is to say’ and ‘namely’ . Instead, try to convey
your meaning in one sentence.






