
Copyright  2019

All Rights Reserved

Industry, Science and Technology International Strategy Center

Copyright  2019

All Rights Reserved

Industry, Science and Technology International Strategy Center

Stephen Su 

Industrial Economics and Knowledge Center

27 August 2019

Roles of Research Institutes for 

Supporting Digital Transformation: 

ITRI Cases



Copyright  2019

All Rights Reserved

Industry, Science and Technology International Strategy Center

1

Technology 

Scouting
Strategic 

Partnering

Ecosystem 

Networking
Capability 

Boosting

2025 Vision:

Inspire science-technology innovation and

value-up for Taiwan industries

Industry Science and Technology 
International Strategy Center (ISTI)

New Organization in 2018/8



Copyright  2019

All Rights Reserved

Industry, Science and Technology International Strategy Center

2

Agenda

• Global Digital Technology Drives Industry Transformation

• Revolution of Manufacturing Sector

• Challenges and Opportunities of Taiwan Industry

• ITRI Cases for Supporting Digital Transformation
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Global Digital Technology Trends

Mainframe

PC

Internet

Mobile

Social 

Cloud

Data

IOT
(Ubiquitous)

AI, 
Blockchain

1970s                 1980s               1990s              2000s               2015s                 2020s 

Corporate Computing                    Personal Computing                  Ambient Computing

Re-evolve Mainstream Sprout

• The applications are influenced by the digital intelligence to change the related 

industries and technical innovations.

• The values created by user-centric ecosystem, IoT new infrastructure, digital 

intelligence by AI & big data, device mesh and 5G connected will influence the future 

product and the network pattern.
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Source：ITRI/ISTI (2019/5) 3
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Digital Life Style Digital Business Digital Society

• In-depth use of cross-

community social 

media

• Dialogue/interaction 

between human and 

machines

• Wide use of digital 

/virtual currency

• Global leaders in digital 

transformation

• Improve efficiency of 

business, reduce cost

• Form new digital 

business model 

through  AI, IoT, 

Blockchain technology 

• Virtual v.s. real world 

interconnection

• Difficult to identify 

true and false 

messages in the 

virtual world

Digital Technology Changes 

Economic Landscape of the Future

Source：ITRI/ISTI (2019/5)



Copyright  2019

All Rights Reserved

Industry, Science and Technology International Strategy Center

5

Business Innovation Based on 

“User Centricity” and “Solving Pain-Points”

Source：ITRI/ISTI (2019/5)

• Multilevel customer interaction 

and customer profiling

• Data analytics 

• Real-time business

• Decentralization of Control

• Predictive Insights

• Automation 

• Human-machine collaboration

• Cross-enterprise collaboration 

• etc.

Digital Technologies and Capabilities

• Value creation must be based on user needs and balance the interests of 

stakeholders and ecosystem participants

• Using breakthrough digital technology and solutions to upgrade business 

capabilities

• Integrate vertical and horizon value chains to improve business efficiency or 

reduce cost, and derive new service-based business models

• Vertical operational processes：ex. product development, purchasing, manufacturing, logistics, services

• Horizon integration: suppliers, key partners, customers

Business 

Digital

Innovation

Business Model

Artificial 

Intelligence 

Blockchain

Internet 

of Thing

Cloud & 

Edge 

Computing

Smart 

Device

Big Data

Augmented 

Reality
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Digital Technology Drive Industrial Innovation 

AIoT Service 

Models

AIoT

Infrastructure

Digital Transformation

• Digital Technologies impacting within different field sectors, not only create 

innovation of core business, but also generate new business

• Derive disruptive digital business models such as IoTaaS, AaaS, DaaS

IoTaaS (IoT as-a-Service)

• Car sharing

• Social sharing

AaaS (Algorithm as-a-Service)

• Marketplace for algorithms

DaaS (Data as-a-Service)

• Data Analytics

• Data training

Cooperative Things
• Autonomous Car

• Robot & Drone

• IoT Devices

Digital Trust
• Blockchain

• Digital Identity

Cloud platform
• Cloud players

AIoT 

Applications

A
I In

te
g

ra
tio

n

Engineering Fields
• Civil

• Mechanical

• Materials& Chemical

Business Fields
• Transportation

• Finance 

• Healthcare

• Retail

• Energy

• Aerospace

• Automotive

• Logistics

• Entertainment

• Education

• Surveillance

Networking
• Device initiated 

connections

• Messaging control

Source：ITRI/ISTI (2019/5)

https://pixabay.com/ko/photos/%EC%A0%84%EA%B8%B0-%EC%B2%A0-%EC%A0%84%EA%B8%B0-%EA%B7%B8%EB%A6%AC%EB%93%9C-3916954/
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Agenda

• Global Digital Technology Drives Industry Transformation

• Revolution of Manufacturing Sector

• Challenges and Opportunities of Taiwan Industry

• ITRI Cases for Supporting Digital Transformation
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Technology Development Drives 

Manufacturing Revolution and Evolution

Source: ITRI/ ISTI (2018/07)

Tech Innovation 
and New 

Production 
Solutions

National 
Economic and 

Industrial Policy

Consumer 
Market Structure 

Change

Manufacturing 
Power Shift and 
Restructuring

Product R&D and 
Production 

Demand Change

Solutions for revolution

• Industry 4.0

• Intelligent 

manufacturing

• Intelligent machine

• Digital transformation

• Manufacturing sector is key 

pillar for national economic 

development

• How to solve national 

internally problems through 

manufacturing development?

• Consumer demands 

of new generation 

growing in ICT-Era

• Consumer demands 

of emerging countries 

and diverse culture

• Intelligent robots

• Internet of things

• Big Data

• AI

• VR/AR/MR

• 3D printing

• …

• China

• South-eastern Asia

• Southern America

• Eastern Erope

• India

• Shorter product life cycle

• Customization and 

personalization

• Flexible batch volume of 

production

• More transparent supply chain

• Energy-saving and carbon 

reduction
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Digital Transformation of Manufacturing
From Manufacturing to Infofacturing

Source：ITRI/ISTI(2018/11)

9

Traditional Digital Transformation

Data Analytics, 

Digital TwinManufacturing
Digital/Ind. 4.0

Manufacturing
e.g. Yield Analysis,

CPS, Automation

Software Systems

Original Design

Manufacturing

(ODM)

Original System

Manufacturing

(OSM)

e.g. SDx, IaaS, 

Security 

Data Analytics, 

Platform
System

Integrator

Value

Integrator
e.g. AI, Cloud-Edge 

Network

Solutions, Services,

Consumer Insight
Brand

Product

Service

Provider
e.g. VR, AI, Biz Model

Value-add

Consumer 

Experience

Cloud

Servers

Factory 

Automation

Manufacturing

Partnership
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• Global Digital Technology Drives Industry Transformation

• Revolution of Manufacturing Sector

• Challenges and Opportunities of Taiwan Industry
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Challenges for Taiwan Industrial Development

Proportion of 

overseas 

production 

keep growing

Stagnating 

wages

Increasing

environmental

awareness
Lack of 

resources 
(land, electricity 

and water) 

Talent 

shortage

increasing

Weak

industrial 

investment

Low industry  

value-added  

Rate

• Promote manufacturing back 

to the US 

Source：ITRI/ISTI (2019/5)

• Global manufacturing 

moving  to emerging 

countries

• Rising of China's domestic 

supply chain competitiveness

• Product life cycle 

acceleration

• A shift from product-

centricity to customer-

centricity 

• Asian countries are 

increasingly competitive in 

the global market

Internal challenges External 
challenges

External 
challenges

• Facing internal and external challenges, Taiwan industries are looking for 

new growth opportunities and innovative economic models
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World: User-Centric Ecosystem

Taiwan：Inalienable Partner

Supply 

Chain

User

System

Source：ITRI/ISTI (2018/11)

2018全球
市值前十大

1. 2. 3. 4. 5. 6. 8.

Market
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Key to Control High Point

of Global User-centric Ecosystems

Note: Bubble size is market cap. Except for market cap which is as of 2018/11/22, all other financial indicators are 2017 data

Value-Add

(%)

R&D BrandManufacturing

User-centric

Ecosystem

Source：ITRI/ISTI (2018/11)
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Future Scenario of Industry 4.0?

Source：ITRI/ISTI (2018/11)
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Ultimate Scenario of Industry 4.0?

Copyright 2017

All Rights ReservedSource：ITRI/ISTI (2018/11)
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2030 Smart Manufacturing Scenarios in Taiwan

• Elements of Smart Manufacturing in 2030 for sustainable environment: 

– Ability of advanced manufacturing and digitalization; 

– Convergence and collaboration with intelligent technologies

– to strengthen manufacturing system for creating value of 

customers and sustainable manufacturing.

• Five scenarios of Smart Manufacturing in 2030

Taiwan’s opportunity (Competence)

3.0         4.0         5.0         6.0        7.0         8.0         9.0

Im
p

act(M
arket)

9.0

8.0

7.0

6.0

5.0

4.0

3.0


Workplace Care Angel



Local Production and Click-and-

mortar


Everyone Together as Maker
One-time OK of 

Design and Flexible 

Production System

Skills Evolution

Rank of Scenario opportunities

Source：ITRI/IST (2019/07)
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Five Scenarios of Smart Manufacturing in 2030

Source：ITRI/ISTI (2019/07)

Skills Evolution One-Time OK Design and 

Flexible Production System

Workplace Care Angel Local Production and 

Click-and-mortarEveryone Together 

as Maker
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• Aging on-line labors and difficult new

recruits

• Continuous improvement and better

quality for higher labor productivity

• Requests for flexible orders and

customized products

Driven forces

Skills Evolution:

• Assist new recruit, aging and female 

workers to improve working efficacy 

• Improve workers efficacy, quality and 

safety through human-machine 

collaboration and intelligent technology

Scenario description

Graphical scenario

Required technologies

Gap analysis

• Sensing, learning and decision technologies for human-

machine collaboration

• Natural  language understanding (NLU) for intelligent HMI

• Real-time synchronization system to integrate product data 

model and production data

• Intelligent tools for decision aids

• Competence of key components and modules

• Capabilities of software, system integration and 

cross-disciplinary tech integration

• Production and test fields for vertical domains

• Join international enterprise’s ecosystem

18

2030 Smart Manufacturing Scenario (1/5): 

Skills Evolution

Source：ITRI/ISTI (2019/07)
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• Global Digital Technology Drives Industry Transformation

• Revolution of Manufacturing Sector

• Challenges and Opportunities of Taiwan Industry
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ITRI Funding for Multidisciplinary 

Breakthrough S&T

Source：ITRI

資訊、通訊
Information and 

Communications 

Research

生醫、醫材
Biomedical 

Technology and 

Device 

Research

材料、奈米
Material and 

Chemical 

Research

綠能、環境
Green Energy 

and 

Environment 

Research

• Medical Device and Diagnostics

• Combination Device and Orthopedic

• Targeted Drug Development

• Low Carbon Technology

• New and Renewable Energy

• Energy Efficiency and Conservation

• Next Generation Communication 

Technologies

• Internet of Vehicle Technology

• Electronic System-Level

• Commercial and Manufacturing Data Analytics

• Machine Learning

• Network and Mobile Virtualization

• Green Energy & Energy Saving

• High Value-added Materials

• Materials for Next Generation ICT

• Social Welfare & Sustainable Resource

• Intelligent Machines and Robots

• Intelligent Mobility

• Advanced Green Manufacturing Machinery

• Intelligent Mechatronic System

電子、光電
Electronic and 

Optoelectronic 

System 

Research

機械、系統
Mechanical and 

Mechatronics 

Systems 

Research

• Flexible Electronics Technology

• Intelligent Vision System

• Advanced Lighting Technology

• IoT Sensing System

• Multiplex microsystem

• Flexible Display Technology
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ITRI Open Innovation System Platform (OISP)

• Over 100 unique and cross-disciplinary OISPs within ITRI

• Collaborate with domestic and international leading industry players to capture 

commercial opportunities

Industry 

Benefits

Society

Needs

Paradigm

Cases

Business Accelerator
Proof of
Concept

Proof of 
Service

Proof of 
Market

Proof of
Business

Idea Co-creation
Vision and

Mission
Game 

Changing 
Factors

Benefit/
Go to Market

Demand translation into system 

function / specification method
Service Design and DevOps
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From Technology Innovation to

Value Innovation

• Technology breakthrough does not guarantee a successful 
business

• What smart machinery can offer to enable smart manufacturing, 
e.g. :

– Data analytics enables process optimization

– Machine learning enables self-correction

– Machine-to-Machine enables flexible execution

– Virtual Factory (VF) enables fast production simulation 
through the product life cycle

Source：ITRI/Presentation of  President Wen-Hsiung Liu (2018/9)
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ITRI Case: Smart Manufacturing Implementation 

with Formosa Heavy Industries
• Role of ITRI Labs:  Methods of data collection +  Implementation of AI in factory +  System integration

• MSL & ICL: Smart Diagnosis, Visual Monitoring, and Sensor Network

• ICL: data collection via wireless telecommunication, OPC UA Standard for factory integration, and 
identify outlier by Data Association Analysis

• MCL: Failure Precursors

• MSC: Processing Warning & Workpiece Repositioning

Source: ITRI (2018/11)

Main projects and membersITRI

MSL

SMC

ICL

Fault Diagnosis 

Analysis

Processing 

Warning 
Error Code Association 

Analysis

Smart Monitoring Center SPC Module Visual Operations

Standard Factory and Processes Data 

Integration

Intelligent Welding and Cutting

E-Operation Planning

E-Parameter Operation

Welding torch optimization

Welding Monitoring/Track

Reliable Wireless 

Telecomm.
VMX Data 

Collection

Acceleration 

gauge

Drillers
7.5m

Hobbing

machine

1.3/2.5m

Quenching 

carburizing 

furnace

Auto Warehouse

Welding Robots

Plasma Equip. Laser Sensors

Factory 

Equip.

Boiler 

Assembly

FHI 

+ 

Supply

Chain

FHI + Supply Chain
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ITRI Case: Trail Production Line of Smart 
Machining Line

• Location: Precision Machinery Innovation Technology Park in Taichung City, around 2,645 m2

• Launch on 31st Aug, 2016. Demonstration of mix line production for bicycle hubs in the beginning, 
later for aerospace, auto parts, machine tool parts, water hardware, 3C  parts and rapid change line 
production

• Highlights: 100% independent locally high-end machinery, one smart mix line production for 9 
kinds of parts, implementation of  public version service platform, development of application 
service module for machining,

• Effect: encourage SMEs to have confidence of investing efficient and flexible system for digital 
transformation.

2

4

List of field equipment: 
1. Horizontal latheX2
2. Turning and milling machine X 1
3. Three-axis milling machine X2
4. Small 5-axis vertical machine centerX1
5. Coordinate Measuring MachineX1
6. Vertical grinding machineX1
7. Horizontal 4-axis machine center X2
8. Big vertical 5-axis machine centerX2
9. AGV X6
10. Robot armX6

Under Construction
Bicycle hubs

2F Office2F Office

1F Office

M
a
c
h
in

e
R

o
o
m

Budget

Factory 

Area

Budget

FY2017 FY2018

NTD 200 M NTD 200 M

Source: ITRI (2018/11)

http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiNuO7GyuvaAhXJbbwKHe-PBuMQjRx6BAgBEAU&url=http://goods.ruten.com.tw/item/show?21742229962770&psig=AOvVaw3Zk3ed1-K6ABHIUkoE00z1&ust=1525506951219528
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• Ensuring production yield rate is critical in semiconductor industry

• Fault prognosis for semiconductor manufacturing developed for over 20 years, the 

prediction accuracy has not met the requirements of manufacturers 

• PHM based on AI and machine learning, it analyzes the process data generated by the 

machine, monitors and predicts in real time, and presents with visualized data

• For workers, the prediction of upcoming faults address issues earlier, lessen the pressure 

and risks of inspection and repairing, and improve work safety

• PHM can predict equipment failure and component wear in semiconductor manufacturing, 

machinery, medicine, and power sectors

Source：ITRI/Computational Intelligence Technology Center

Four levels of PHM’s primary
technology operating flow

Requirements : Fault prognosis for 
semiconductor manufacturing 

Data Visualization 

ITRI Case: Prognostic & Health Management   
(PHM) in Semiconductor Industry 

….

Ensemble Learning and adaptation

Blending 

Model 1

Blending 

Model N

Leaner Blending

Leaner Construction

Regression
Model

Clustering
Model

Model 
Level

Feature 
Level

Data 
Level

Data Set 

a. Abnormal Events

b. Sensor data

Statistical 
Feature

Project-Based
Feature

Domain Knowledge
Feature

Variable/Featur
e Selection

Imbalance Data Processing Data Veracity Processing

Classification
Model
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• CyberEpi is software through multi-physical and chemical coupling simulation analyses, 

as well as heat flow field visualization technology

• CyberEpi can reduces the control time for the epitaxial process from weeks to hours of 

manual trial-and-error experiments formerly required and performed only by epitaxial 

manufacturing experts

• CyberEpi Serves as a Digital Twin of MOCVD systems; shortens R&D and product launch 

cycles of LEDs, solar cells, and high-power integrated circuits

Source： ITRI/Mechanical and Mechatronics Systems Research Laboratories

Traditional  CyberEpi Improvement 

Control time
Reduces

1 Week 2 hours
98% 

Uniformity

(Epitaxial 
manufacturing process) 

Increases 

92% 95 %
3% 

Time to market 
Faster 

3 Month1 Month 66% 

CyberEpi Operation Architecture  CyberEpi Performance Comparison

ITRI Case: CyberEpi Optimizes Epitaxial 
Manufacturing Process  
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• The traditional aerospace component manufacturing is mainly based on CNC machines, 

and the machining accuracy needs to be improved.

• The eMIO integrate 3D vision positioning and detection technology, effectively improve 

robotic accuracy and meet the requirement of the international aerospace level (±0.25mm) 

• Robot can automatically generate machining path for eliminating the inconvenience of 

manual teaching.

• Provide flexible, automated and accurate solutions for various industries such as 

aerospace, automobile etc.

Source：ITRI/Mechanical and Mechatronics Systems Research Laboratories

ITRI Case: etherCAT-Motion Intelligence 
Orchestration (eMIO)  

4 Extendable smart module

• Robot and automation simulator (Automatic 
generation of simulated surface trajectories, 
robotic arm movements, singular point detection 
and other simulation functions)

• Robotic arm precision enhancement software 
module

• Visual hand-eye coordination software module
• Robotic safety tactile sensing module

2 Advanced motion control (MIO+)

1 Basic motion control (MIO)

• Robot-specific RCL motion library

• Special functions such as singular point 

speed modulation, space collision 

avoidance, constant speed trajectory, 

etc.
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Motion Intelligence Orchestration

• Support speed control

• Support torque control

• Support lead-through,  

compliance in teaching

3 EtherCAT High speed network control(eMIO)

• Support for EtherCAT networks, international communication standards 

agreement

• Support Industry 4.0 networking and self-diagnostics

• Full digital real-time network connection, flexible electronic control wiring
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ITRI Case: “AIdea” Artificial Intelligence 

Collaboration Platform
A Bridge between Industries & AI Academy/Start-up

28

 ITRI builds infrastructure to hold AI crowdsourcing competitions to 

get the best solution for each one of the specific industry issues

Downloading 

datasets

Developing

algorithms 

Issues and 

datasets

Algorithm

needed

Academy/Start-up 
focus on those issues 

and provide value in 

problem solving
AIdea introduces best solution providers 

to enterprises for further cooperation

Enterprises
get algorithm 

quickly through 

this platform

Competitions/Challenges

Consulting service

Processe

d dataset

Competition 

Rules

Math 

evaluation

Data preparation

Web platform
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“AIdea” Case: 

Taipei City Taxi Demand Prediction (1/2)

29

Source: ITRI/CITC(2019/4)
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“AIdea” Case: 

Taipei City Taxi Demand Prediction (2/2)

30

Training Testing

1 month

2017-02-01

00:00:00

2017-02-28

23:59:59

• Results of solution competition:

– 95% prediction accuracy within 2.2 square km.

– Top solution providers made use of calendar, weather, u-bike and other 

information to improve accuracy

2016-02-01

08:00:00

1 year

2017-01-31

23:59:59

Source: ITRI/CITC(2019/4)
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Ultimate Goal of AIdea Platform

Sustainable AI Matchmaking Platform with 

Unique AI Issue, Dataset, and Talent Collection 

AIdeaAcademy/Start-up

企業

The best place to 

search industry 

datasets in Taiwan

The best place to practice 

AI application solutions in 

Taiwan

The best place to 

help enterprise to 

adopt AI in Taiwan

Talent collectionDataset collectionIndustry issue collection

Industry/Enterprise
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2030 Smart Manufacturing Scenario (2/5): One-time 

OK Design and Flexible Production System  

• Shorter product life cycle caused by fierce

market competition

• Continuous improvement and better quality for

higher labor productivity and total cost control

• Requests for flexible orders and customized

products

Driven forces
One-Time OK Design and Flexible Production System:

• Higher production flexibility and quick response to 

reduce costs of design and production planning 

change

• One-time complete product design and production 

planning

• Quick response of production line for product specs 

change

Graphical scenario

Required technologies

Gap analysis

• Lack of core software R&D capability of digital system

• Low digitalization rate of industrial data and knowledge

• High R&D investment risk for individual organization

• Join international enterprise’s application ecosystem

• Uses of digital design and simulation tools on 

application platform

• Set up digital product and manufacturing system 

models

• Production equipments with Self-Tuning Regulator for 

real-time measurement and control feedback

33

Scenario description

Source：ITRI/ISTI (2019/07)
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2030 Smart Manufacturing Scenario (3/5): 

Workplace Care Angel

• Aging on-line labors and difficult new 

recruits

• Ensure labor rights, physical and mental 

safety

• Loss reduction caused by lack of labor 

safety and industrial safety

Driven forces

Workplace Care Angel:

• Detect and early warn the harmful factors to 

labor physical & mental safety in workplace

• Quick awareness and warning related 

people and organization to prevent 

professional disaster

Scenario description

Graphical scenario

Required technologies

Gap analysis

• Readiness of regulation on Environment, Health and Safety 

(EHS) and wearable devices  at workplace

• Lack of capability to capture and response to diverse real-

time information of labors, equipments and environment

• Diversified sensing technology of physiological and 

environmental disasters

• Digital model for people, equipments and environment 

interaction

• Identification of real-time information analysis and risk factors

34Source：ITRI/ISTI (2019/07)
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2030 Smart Manufacturing Scenario (4/5): 

Everyone Together as Maker

• Increasing demands of small amount of diversity 

and personalized products

• Trends of customized & on-demand manufacturing

• More product design participated by consumers; 

more expected sales of the product designed 

through consumer participation

• From subtractive manufacturing to additive 

manufacturing in green manufacturing era

Driven forces

Everyone Together as Maker:

• Consumer can design and make product by 

him/her self

• Consumer can participate in new product R&D 

or improvement process with enterprise

• Enterprise can quickly & economically make 

products by customer demands

Scenario description

Graphical scenario

Required technologies

Gap analysis

• Lack of ease-use and reliable personalized design tools

• Immature low-cost manufacturing service platform, network 

and business model

• Lack of high-speed & low-cost rapid manufacturing system

• Digital design tools (3D scanning/modeling)

• High-speed, high yield rate and low cost additive 

manufacturing solutions (equipment/material/system 

integration)

• Testing standard of additive manufacturing

35Source：ITRI/ISTI (2019/07)
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2030 Smart Manufacturing Scenario (5/5): 

Local Production and Click-and-mortar

• Rebuild manufacturing capability in advanced

countries and restructure of supply chain

• Change of global consumer landscape; need to

satisfy various customer demands for market

competition

• Less manufacturing carbon footprint for global

climate change

Driven forces

Local Production and Click-and-mortar:

• Combination of cross-country supply chain 

and local production

• Small and medium manufacturing system for 

urban or regional product specifications

• Physical manufacturing across enterprises to 

support e-business and on-line procurement

Scenario description

Graphical scenario

Required technologies

Gap analysis

• Insufficient capability of collaboration and intelligent supply 

chain

• Lack of constructed rapid regional manufacturing capability

• Low level of cyber physical integration of supply chain

• High-efficiency, intelligent and customized integration 

system of supply chain, warehouse and delivery

• Intelligent supply chain management tools and operation 

platform

• Rapid constructed modulated & automatic production 

system

• Quick-response & low-cost additive manufacturing solutions

36Source：ITRI/ISTI (2019/07)
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