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Research Focus

Centre for Advances in Reliability and Safety (CAIRS) links
academic and industrial counterparts to introduce and
implement artificial intelligence methods and machine
learning techniques with reliability modelling, with the
goal of improving product reliability and system safety.
Data analysis is one of the important areas in the
research. In this issue, we invited Dr Vincent Ng who is a
Senior Scientific Officer at the University Research
Facility in Big Data Analytics (UBDA) of The Hong Kong
Polytechnic University to share his ideas on smart big
data analysis. Dr Ng has rich experience in big data
analytics, machine learning, and medical informatics.
Also, he joined CAIRS as a Visiting Research Fellow after
his retirement from Associate Head (Teaching) of the
Department of Computing in The Hong Kong
Polytechnic University (PolyU).
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Research Focus

: What is your research interest? II
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My research topic focuses on data analysis. After graduation
from Canada, | spent over ten years on bioinformatics data
analysis in a cancer research institute including image
analysis and epidemiological studies. Since | joined PolyU in
1994, | started my research topics on data mining and
artificial intelligence with different projects on system
design and data-driven modelling. | also developed projects
related to education across different age ranges of students
which analyzed to get insight not only into academic
the emotional and

performance but also career

development of students.
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: Do you have any suggestions on using big

data for reliability analysis?
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Nowadays, there are lots of data around us with different
acquisition channels. In the big data world, there is an
important aspect, smart data. We are now considering not
only the volume of data but also the variety and velocity of
data. If the data is smart, we can conduct meaningful
analyses on feature discovery and get insights through the
relationships among the data. This concept of effective and
smart data can also apply to reliability analysis.
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Research Focus

: Would you elaborate more about what is smart data?
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When we consider smart data, we shall focus on the
quality of data. It is good if the data are continuous and
holistic. We generally prefer high completeness of data
without any gaps and missing information. This is to
prevent non-reliable results on the analysis. The other
consideration is the age of data. If the data is too old, the
scenarios and domains may be different. Hence, we
should work with the related experts with rich domain
knowledge for application validation. Furthermore, the
cost of data collection including human resources, system
development, and detailed planning for the data
collection is important at the beginning of the project. We
shall also carefully clarify how and what data shall be
collected before we execute the process.
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Validity Data measure what they are supposed to measure
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Reliability Everyone defines, measures, and collects data the same way — all the time
FEEM HIEOS TERER I RIEIENEE

Completeness  REERETMEE

Data include all the values needed to calculate indicators

No variables are missing
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Precision Data have sufficient detail. Units of measurement are very clear
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Timeliness Data are up to date. Information is available on time
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Integrity Data are true. The values are safe from deliberate bias and have not been

changed for political or personal reasons

Figure 1: Elements of Data Quality ™
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[1] Adapted from: http://www.cpc.unc.edu/measure Presentation by Win Brown, USAID/South Africa, School of Health Systems
and Public Health, Monitoring and evaluation of HIV/AIDS Programs, Data Quality; March 2, 2011

HEEYE: http://www.cpc.unc.edu/measure (Win Brown HY#RE5E:#) , USAID/South Africa, School of Health Systems and Public Health,
Monitoring and evaluation of HIV/AIDS Programs, Data Quality (USAID/ES3E, BBRAKRAHBESM, BHRS  BRREENEAKRT

i, BEMHE) ; 20114382H



Research Focus

| would like to share two ideas about the data-driven
modelling. The first one is data can be used as evidence to
assist the decision-making process. We can set up the
hypothesis and conduct pilot experiments for this purpose.
The other one is feature engineering and discovery. We can
analyze the relationships across different data sources and
discover anomalies or new insights which we are not aware
of before. Furthermore, predictive modelling can be the
next step based on these features. For data collection, we
can start by asking whether we have enough data, and
then consider acquiring data, labeling data and how to
improve the existing data, labels and models.

Improve existing datn'model

Yes or add labels?
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Figure 2: A decision flow chart for data collection @
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[2]: Yuji Roh, Geon Heo, and Steven Euijong Whang, “A Survey on Data Collection for Machine Learning: A Big Data - Al
Integration Perspective”, IEEE transactions on knowledge and data engineering, 2021-04-01, Vol.33, April 2021

Yuji Roh. Geon Heo K Steven Euijong Whang, (A Survey on Data Collection for Machine Learning: A Big Data - Al
Integration Perspective (#2332 BMBIRNERE: ABIE - ATZEEEMMRE) ) , IEEE transactions on knowledge and data
engineering (FIEREIFTIZMIEEESIR) , 2021-04-01, #3341, 2021 4 A



Research Focus

In our projects, outliers or anomalies are the common
elements to be identified during the analysis. We shall be
taken note that the anomalies can occur in different
contexts and environments. Take environmental
temperature as an example, it can be an anomaly if the
measured temperature is as high as around forty degrees
in a general office, but it may not be classified as an
anomaly in the kitchen especially busy working hours. This
simple illustration indicates that we need to understand
the context, especially the domain knowledge on data
labelling. In real applications, it is quite common that there
is unbalanced data between normal and abnormal
information. The proportion of abnormal data may be as
low as single-digit percentage. Therefore, we utilize good
techniques to get more significant information from

feature engineering and sampling techniques.
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News Highlights

PolyU and University of Maryland from USA, jointly established the
Centre for Advances in Reliability and Safety (CAIRS)
Combining Al and innovative technologies to improve product safety and system reliability
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In our daily life, there are many reliability and safety issues. Electronics
degrade due to complex electronics ageing, latent software faults, and
the interactions between the two. Also, electronic system failures are
inevitable because of the current methods to assess reliability and
safety. These issues are very likely to lead to serious consequences.

In view of this, two universities, The Hong Kong Polytechnic
University (PolyU) and the University of Maryland - College Park
(UMD) from USA, have jointly established a research center, namely -
Centre for Advances in Reliability and Safety (CAIRS). The Centre
gathers top local and overseas researchers, uses advanced
equipment and leverages innovative artificial intelligence
technology in order to conduct wide ranging product reliability and
system safety research to accurately predict the occurrence of
failures and prevent them from occurring.

CAIRS has been admitted as one of the research centres in the InnoHK
Clusters, a major initiative of the HKSAR. CAIRS has carried out five
research programmes to date, namely “Anomaly Detection and
Syndromic Surveillances”, ‘“Innovative Diagnostics for Health
Management”, “Prognostics for Remaining Useful Life Assessment”,
“Safety Assurance: Improve functional safety” and “Data Analytics
Platform for Reliability”. Under the 5 projects, there are 15 projects
running in parallel. The range of applications of the research is very
wide, including robots, medical devices, vehicles,
telecommunications, consumer goods, public utilities, transportation,
microelectronics, electrical installations, sensors, |oT products and
advanced manufacturing. Moreover, CAIRS has signed NDA with 31
well-known and representative local companies from the industry to
kick start research collaboration. At present, we have over 20
collaborative projects already running in progress to improve
reliability and safety of their products and systems.
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News Highlights

PolyU is committed to conducting state-of-the-art BREZHUZEER, L UMD EERAUTFEEMNSHHR
interdisciplinary research in response to the needs of B, MERNZRE, SMEERTRAERSMASEE
industry and society. With over 20 academics and HER

scholars from the Faculty of Engineering of PolyU and
UMD, having research excellence and track records in
product reliability, and with strong support from
industry, CAIRS will bring significant benefits and
contributions to smart city development and smart
manufacturing.

Prof. Wing-tak WONG, Deputy President and Provost
of The Hong Kong Polytechnic University
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Group Photo (from left)
Prof. KM Lam, Prof. HC Man, Dr. CH Ng,
Prof. Wing-tak WONG & Ir. Prof. Winco Yung
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Prof. Wing-tak WONG, Deputy President and Provost of PolyU, said,
“Harnessing its advanced equipment and, top-notch scientific research
talents, CAIRS is dedicated to the research and development of
breakthrough technologies. Their research solutions can be widely adopted
by all industries in Hong Kong that value reliability and system safety. PolyU
has been actively cooperating with world-renowned universities and
establishing close partnerships with industry to benefit society through
cutting-edge research. | believe that CAIRS can effectively translate
scientific research results to real world solutions, creating positive impact
for various industries as well as society.”
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News Highlights

Dr. CH Ng, Chairman, The Hong Kong Electronic Industries Association said,
“The establishment of CAIRS a platform for global research collaboration is
welcomed by industry. CAIRS uses artificial intelligence for reliability and
safety analysis, and works with industry to promote the development of
products or brands, ultimately, helping Hong Kong to become a highly
respected and trusted ‘international brand'. | believe that industry and CAIRS
will continue to cooperate seamlessly in the future to make Hong Kong a key
R&D centre with international authority."
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Dr. CH Ng, Chairman,

IEPRMmEEY « RIERKERMCAIRSEEESIERYE, SEANAREMERE The Hong Kong Electronic Industries Association
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Ir. Prof. Winco Yung, Centre Director and Executive Director, Centre for
Advances in Reliability and Safety (CAIRS) said, “CAIRS focuses on the use of
artificial intelligence to develop new personalized management models.
The application and results of the Centre's research are very important to
the development of smart cities. The scientific research team of CAIRS and
| are delighted to use our expertise to collaborate with partners in different
industries. CAIRS will build an international brand for the products and
systems design, made and commissioned in Hong Kong, and contribute to
the development of smart city and smart manufacturing.”
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News Highlights

: Webinar on
“Advances in Predictive Maintenance and
System Safety Assessment”
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We organized a webinar on 15 December 2021. For more HMHE2021F12B158 #7748
information, please visit our website at www.cairs.hk et &, 1858 2 CAIRSH i
www.cairs.hk

For more details, please scan the QR code
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News Highlights

: CAIRS participated in Hong Kong Electric (HEC)
Professional Workshop
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CAIRS' project team participated in professional workshop at Cable Jointing Training Centre of HEC
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Hong Kong Electric (HEC) is one of CAIRS
collaborators. Our research project with HEC is the
study of reliability and health index of the
underground cable. HEC specially arranged a
professional workshop for the CAIRS research team on
January 4, 2022.
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CAIR's Project team examined the
underground cable.
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We published the inaugural issue “CAIRS
Focus”, which provides the latest
information and research projects preview
of CAIRS, a research centre for product
reliability and system safety. CAIRS Focus
will be sent to our Collaborators, Industries
Association, Professional organization,
Institutions and Government departments.
You're welcome to view the e-copy of CAIRS
Focus at our website www.cairs.hk. We will
update the latest information about product
reliability and system safety from time to
time. Please feel free to contact us if you
have any questions on our publication.
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