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▪ Self-aware and predictive of 
equipment condition 

▪ Resilient to uncertainties and 
disruptions

▪ Near-zero defect and downtime
factory performance 

Advanced AnalyticsNext Gen. Manufacturing

Factory 
level

Process 
level

Machine 
level

▪ Massive and complex data

▪ Imperfect/missing data

▪ Multi-stream/multi-source data

▪ Greater asset reliability

▪ Lower operating costs

▪ Increased factory visibility

▪ Worry-free production
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Assess & Analyze Predict

Consolidate Optimize

Connect & Data Collection
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3Source: GE & Accenture report (2015) 

Monitor equipment/assets to identify operating 

issues for more proactive maintenance 

Connect equipment and collect 

operating data

Analyze data to provide useful insights

Gain operational insights that lead to 

better decisions

Consolidate and correlate data from various 

sources to feed analytic insights

Predict based on existing data

Optimize (e.g., operations, workforce, 

efficiencies, business decisions)

Other

None of the above

Current Data Analytics capabilities are stronger in the areas of monitoring and 

connecting equipment than in predicting issues and optimizing operations.

Connect

Optimize

Monitor

Analyze

Predict
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• Model-based methods

• Physics-based, empirical

• Data-driven methods 

• Statistical,  AI

• Hybrid methods

• Various fusion interface

Detection & Diagnosis
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• Rich Data / Sparse Data environment

• Sensor selection  & allocation

• Lack of understanding degradation mechanism

• Sampling Strategy (static, dynamic, event-driven)

• Nominal condition (baseline) identification 

• Variability & uncertainty quantification & control

• Physics-based or Data-driven methods fusion and interface design

• Applications: (1) discrete manufacturing  (2) continuous manufacturing
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Source: X. Gu, X. Jin, J. Ni, 2014, ASME Manufacturing Science and Engineering
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Physical World Cyber Space 

• Real implementation

• Real component

• Real machine

• Real system

• Real ……

• Virtual synthesis

• Virtual component

• Virtual machine

• Virtual system

• Virtual ……

Physical knowledge

500

505

510

515

520

525

530

535

S
p
e
e
d
 (

m
m

/p
r
o
d
)

-5

0

5

10

15

20

25

30

35

R
e
g
is

tr
a
ti
o
n
 e

r
r
o
r
 (

d
e
g
)

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000 110000 120000 130000 140000 150000 160000 170000 180000 190000 200000 210000 220000 230000

Row s

Monitoring data

Degradation model Risk analysis

H
e
a
lt
h
 i
n

d
e
x

Time

Methodology

7



JIN Research Lab

 PHYSICS-BASED DATA-DRIVEN

.
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Physical modeling + Data analytics 
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