AI for Smart Control, Maintenance and Machining of
Internet of Machine Tools
PI: Chih-Chun Cheng
Co-PI: Jyh-Horng Chou, De-Shin Liu, Meng-Shiun Tsai, Wen-Hsin Hsieh , ShyhLeh Chen, Yung-Chou Kao, Chih-Min Yao, Fong-Zhi Chen
Affiliation: National Chung Cheng University Advanced Machine Tools Center
Category: Artificial Intelligence, Internet of Machines, Deep Learning, Remaining
Useful Life, Chattering Control, Thermal Compensation, Tool Wear,
Data Analytics
In response to intensive worldwide competition of manufacturing industry,
a four-year project which focuses on applications of artificial intelligence
(AI) aiming for enhancing performance of machine tools and its integration
with the manufacturing system is proposed. This project consists of four
subprojects, i.e. subproject A is AI for smart controlling, subproject B is AI for
smart maintenance, subproject C is AI for smart machining and subproject
D is AI for smart manufacturing. In subproject A, the focus is placed upon
the development of AI-based iterative learning control which has potential
applications on the multi-axis machine tool, the robot manipulator and
the manufacturing cell. In subproject B, two techniques based on AI will be
developed. One is the spindle and feed drives prognosis and the other is
an estimation of remaining useful life (RUL). Besides the deep learning (DL)
method in machine learning, the conventional data-driven technique will also
be employed as a measure for comparisons. In subproject C, applications of AI
technology will be utilized in thermal compensation, chattering control and tool
wear measurement to exploit the potential of DL in machining. In subproject
D, we center on AI-assist management system for networked manufacturing,
stable cutting optimization and decision support management for remaining
tool life.

Integrated AI Planning and Scheduling Framework for
Mold Manufacturing
PI: Wen-Ren Jong
Co-PI: Shia-Chung Chen, Shih-Ming Wang
Affiliation: Chung Yuan Christian University, R&D Center for Smart Manufacturing
Category: Smart Manufacturing, Process Planning and Scheduling, Machine
Learning, Multi-agent Systems
Derivative company : InterAgent Corp.
This project aims to develop an integrated AI framework for the
knowledge-based expertise, and computing intelligence, through the
construction of hybrid algorithms, machine learning of CAD manufacturing
features recognition, and the big data modeling, to achieve a fast response
system. The knowledge and intelligence from different agents can be
inter-linked, communicated, and accumulated. With a practical application
of planning and scheduling in high-precision mold manufacturing,
the possible abnormal conditions can be detected in the early stage
of planning with automatically suggested feasible solutions, therefore,
optimization can be made in advance with the help of interactive user
interface.
Three topics have been studying concurrently: (1) scheduling optimization
and the development of multi-objective algorithms. This topic focuses on
the construction of hybrid algorithms for a efficient large-scale scheduling
problems; (2) machine learning of mold design and manufacturing features
and precision matching, which is focusing on the smart automation
of process planning by detecting the design details and related 3D
annotated manufacturing information, automatic features recognition,
and integrating the enterprise cloud platform for a real-time linking and
pairing of machine information; and (3) development of data visualization
system for the integration of planning and scheduling, which is a data
driven approach to
establish the prediction
model for real processing
process and time,
through automatically
data collecting, grouping,
refining, to further
correlating and analyzing.
With the proposed
concept of equivalentresistance modeling,
it can significantly
accelerate the optimizing
▲ AI Planning and Scheduling Framework.
speed.

New System Architectures and Design Flow of Edge
Intelligence with Deep Learning Technologies for
Industrial IoT Applications
PI: Tien-Fu Chen
Co-PI: Shiao-Li Tsao, Tay-Jyi Lin, Tsung-Liang Wu
Affiliation: Department of Computer Science, National Chiao Tung University
Department of System-on-Chip(SOC) Research Center, National
Chung Cheng University
Department of Mechanical and Automation Engineering, National
Kaohsiung University of Science and Technology
Category: Deep learning, Edge intelligence, Cloud services, Internet of Things,
Industrial Applications.
The project is entitled as "New System Architectures and Design Flow of Edge
Intelligence with Deep Learning Technologies for Industrial IoT Applications."
It aims at developing an integrated system architecture and its design flow to
enable a good solution for edge intelligence. We focus on the problems which
the manufacturing industries meet and try to find the solutions. Hopefully our
solution can contribute to the automation industry in Taiwan.
There are three main components of our solution.
1. Dr. Opt – A hyper-parameter fine-turning service platform: We provide an
API-based query server which provides deep learning model hyperparameter fine-tuning services. The service is decoupled to the deep
learning training server. It gives the suggesting parameters to the training
server based on what the data the training server sends iteratively. Also,
we provide a website for users to check the progress of the received data
and the suggesting parameters.
2. Edge Intelligence - AI optimization: Due to resource constraints of edge
devices, we compress the well-trained models to fit in the constraints.
Based on quantization, pruning, rank decomposition, or filter sparsity
methods, we consider a trade-off between the model accuracy and
the computational complexity to find a suitable optimization for the edge
intelligent device.
3. On-Device AI - retraining and incremental update: To adapt to the
execution fields, we adopt retraining mechanisms. We use effective
collected data to perform incremental update on the device, which
provides on-premises AI computing services.

Industry 3.5 Solutions of AI & Big Data Analytics for
Intelligent Manufacturing
PI: Chen-Fu Chien
Co-PI: Chia-Yu Hsu
Affiliation: Department of Industrial Engineering and Engineering Management,
National Tsing Hua University
Department of Industrial Engineering and Management, National
Taipei University of Technology
Category: Artificial Intelligence, Deep Learning, Big Data Analysis, Intelligent
Manufacturing, Industry 3.5, Genetic Algorithm
Derivative company : DALab Solutions x Associates Co., Ltd.
Most of industry structures
in emerging countries
including Taiwan may not
be ready for the migration
of advanced cyber-physical
manufacturing systems as
proposed in Industry 4.0.
This project has proposed
“Industry 3.5” as a hybrid
strategy between the best practice of existing manufacturing for Industry
3.0 that Taiwan has competitive advantages and to-be Industry 4.0. Indeed,
the developments of new technologies such as AI, Big Data Analytics,
computing power, and decision technologies provide opportunities to
develop the core technologies for disruptive innovations to support
fundamental objectives of smart production and sustainability.
DALab team for Industry 3.5 have developed a number of solutions
validated via industrial collaborative projects that developed digital
decision-making, smart supply chain, total resource management and
smart manufacturing in real settings, while also integrated manufacturing
core competence and accumulated domain knowledge of various
manufacturers in Taiwan and transform them into digital solutions.
Furthermore, to maintain competitive advantages for global manufacturing
networks, we support various Taiwanese companies to develop soft
technologies including big data analytics and flexible decision capabilities
via collaborative research projects and training to incubate high-potential
talents with hands-on experience. We also conducted international
research collaborations to empower technology development. To
breed AI start-ups, DALabx is our spin-off in NTHU incubation center
that provides AI and big data analytics service for small-medium sized
enterprises that cannot internally establish a strong analytics team. Our
teams aim to enhance a comprehensive ecosystem of Industry 3.5 to assist
manufacturing industries in Taiwan and emergent countries for smoothly
migration as facing global industrial evolution.

Applications of Big Data Analysis and Artificial Intelligence
to Advanced Process Control and Decision Support Systems
PI: Chung-Shou Liao
Co-PI: Jiang-Liang Hou, Chun-Shien Lu
Affiliation: Department of Industrial Engineering and Engineering Management,
National Tsing Hua University
Institute of Information Science, Academia Sinica
Category: Big Data Analysis, AI, Feature Extraction, Machine Learning
This AI project is based on in-depth research on the practical issues and
challenges that our team has worked with high-tech manufacturing
companies in past years. During the process of entering Industry 4.0, the
difficulties encountered are actually beyond our imagination.
The short-term goal of this project is to improve lithography process in
semiconductor industry. The one-dimensional parameter data that can
be corrected by the equipment itself in the past can no adjusted or even
optimized by the engineers or the algorithm.
In order to improve the detection and overlay problems of the lithography,
we have cooperated with one of the international semiconductor
manufacturers, UMC. We try to optimize the parameters of the process
and investigate the practical problems derived from the high-tech
manufacturing companies at the same time. In the process of this project,
we also attempt to make use of real data visualization, conduct automatic
compensation, develop compression techniques for deep neural network
learning models, and build knowledge cases through multi-channel
sources.
Finally, we expect to build Advanced Process Control and Decision Making
System through big data processing. We plan to use AI technology to assist
high-tech manufacturing companies in improving the various processes
and then apply to other high-tech manufacturing industries.

Competition or Collaboration between Human Beings
and AI?
PI: Yi-Li Lee
Co-PI: Yun-Hsien Lin, Daw-Wei Wang, Chang-Hsien Tsai, Su-Chu Hsu, Che-Rung
Lee, Chung-Lin Chen, Su-Yen Chen, Shih-Chang Lin, Szu-Ting Chen, ChiChun Chiu
Affiliation: Institute of Law for Science and Technology, National Tsing Hua University
Department of Physics, National Tsing Hua University
Department of Computer Science, National Tsing Hua University
College of Arts, National Tsing Hua University
Institute of Learning Sciences and Technologies, National Tsing Hua University
Department of Economics, National Tsing Hua University
Graduate Institute of Philosophy, National Tsing Hua University
Category: Human Being, Social Impact on AI
This project focuses on the topic of “Competition or Collaboration
between Human Beings and AI?”, through the implementation of specific
practical applications and meta-criticism, to carry out 6 related subprojects simultaneously. The goal of this project is to facilitate a crossdisciplinary collaboration among scholars in human, social sciences and
computer engineering, generates feasible policies and laws to guide the
development of future AI as the best helper, rather than an adversary, for
human beings.
Sub-project 1 employs natural language processing (NLP) to classify and
analyze thousand of family law cases to make predictions and reliability
assessments.
Sub-project 2 is to study how to combine both technical and legal
knowledge of AI, and to automatically interpret contractual rights and
obligation, in order to establish a smart contractual management system.
Sub-project 3 will develop a “reproducible creation” system and try to
train the images databases with image descriptions, and then let the AI
model can do the task of “image to text, text to image”.
Sub-project 4 aims at exploring the dynamics between the AI and human
rights, formulates a human rights-oriented legal framework to regulate
the developments of AI.
Sub-project 5 employs survey and interview to explore the technical
advancement of AI upon various fields, such as autonomous vehicle,
smar t home, and smar t
manufacturing along
with their benefits and
concerns.
Sub-project 6 aims at
e xpl o ri n g an d t ack l i n g
those philosophical and
psychological issues
that are triggered by the
development of the AI.

Artificial Intelligence for Intelligent Manufacturing Systems
(AIMS) Research Center, MOST, Taiwan
Chen-Fu Chien, Director of AIMS
The vision of AIMS is to establish a world leading AI research
center aiming for intelligent manufacturing, based on the core
competencies of Taiwan’s manufacturing industry.
Our missions are to develop AI technologies, as well as to
cultivate AI talents, in order to maintain competitive advantages
of Taiwan’s manufacturing industry. Specific tasks include, but
not limited to:
Interdisciplinary collaborations: Integrate the strengths
of AIMS’s project teams and create the synergy of
interdisciplinar y collaborations to enable high-impact
innovations.
Talent cultivation: Collect manufacturing big data to
facilitate empirical research and hands-on training for AI
talents. Organize big data or AI competitions in intelligent
manufacturing.
Entrepreneurship ecosystem: Incubate spin-off companies
from AIMS project teams and bring in spin-in companies to
create an energetic entrepreneurship ecosystem.
International collaborations: Host international conferences
and create joint research programs with leading research
institutes worldwide to elevate Taiwan’s global visibility and
influence in AI.
Industry impacts: Develop AI solutions to empower Taiwan’
s
manufacturing industry and enhance competitive advantages,
as well as to export these solutions to emerging countries.

Dynamic motion generation and control of complex
systems using AI
PI: Pei-Chun Lin
Co-PI: Kang Li, Feng-Li Lian
Affiliation: Department of Mechanical Engineering, National Taiwan University
Department of Electrical Engineering, National Taiwan University
Category: AI, Robotics, Deep Learning, Motion Generation
Derivative company: iAUTO
Motion is a common and important behavior generated by animals and
human-invented vehicles. Autonomous motion requires the cyclic and
periodic repetition of three components: sensing, decision-making, and
motion generation. Animals exhibit unprecedented agility and robustness
in motion. In contrast, robot manipulators, mobile robots, and autonomous
vehicles in current forms possess limited capability to generate intelligent
motions. The principal and co-principal investigators worked on robotics
and autonomous vehicles for over a decade, and they found sensing and
decision-making problems are key to developing autonomous motion.
Recently, breakthroughs in AI technology and availability of associated
tools provide opportunities for improving sensing and decision-making
techniques.
This project aims at developing mechanisms and techniques of agile and
dynamic motion generation by using robots and autonomous vehicles
as application targets. More specifically, the topics include manipulation
of single-arm and dual-arm manipulators, dynamic motion generation of
legged robots, and navigation of autonomous vehicles. The developments
also aim for industrial applications
such as object manipulation,
transportation, and handling in
factories. In addition, machine
learning mechanisms are analyzed.
The project includes five subtopics; all of them share common
sensing and decision-making
techniques based on AI, but with
different emphases. The singlearm sub-project focuses on highspeed and energy-efficient motion
generation; the dual-arm subproject focuses on dual-arm
coordination; the legged robot
sub-project addresses dynamic
motion generation methods;
the autonomous vehicle project
extends the integration of AI to
existing motion control strategies;
and the human project investigates
human skill-learning mechanisms.

Development of Smart Machine Systems
PI: Ching-Hung Lee
Co-PI: Jenq-Shyong Chen, Ming-Chyuan Lu, Tian-Yau Wu, Ming-Tsang Lee,
Ming-Yi Tsai, Cheng-Jian Lin
Affiliation: Department of Mechanical Engineering, National Chung Hsing
University.
Category: Artificial Intelligence, Smart Machinery
Subject to the competitive trading policies from powerful countries,
technological innovation competition from Germany and Japan, and
low-cost competition in emerging countries of Southeast Asia, Taiwan's
precision machinery industry has been unable to develop steadily for a
long time under such influence of various complex factors. Therefore, in
addition to understanding and improving our own deficiencies, we need
to accumulate basic research to strengthen technical energy and keep
innovating to increase the value-added. This way we can gradually move
toward the direction of smart manufacturing automation, and improve
the status and value of Taiwan's machinery industry in the world. This fouryear project plans to exploit the techniques of artificial intelligence on
relevant fields with optimization and verification on the physical machines,
to explore and solve the problems what Taiwan's precision machinery
industry has long been faced to: (1) sustainable accuracy preservation
of the machine; (2) accuracy degradation caused by structural thermal
deformation of machine tools; (3) time to develop the machine; (4)
machining quality reduction caused by severe tool wear; (5) decreased
performance caused by bearing wear; (6) accuracy of components and
molds; (7) lacking of universal interoperable communication protocol
for heterogeneous system integration. The first year of the project will
focus on the development of fundamental technologies, and continue to
improve those technologies with collecting more data for the second year.
Finally, we will integrate all systems from sub-projects, and finally tune to a
commercialized product for the last year.

Optimizing Deep Learning for Applications to Robot
Vision (2/5~5/5)
PI: Shang-Hong Lai
Co-PI: Chiou-Ting Hsu, Ching-Te Chiu, Chun-Yi Lee, Che-Rung Lee, Jerry Chou
Affiliation: Department of computer Science, National Tsing Hua University
Category: Computer Vision, Robot Vision, Video Surveillance, Deep Learning,
Machine Learning, Artificial Intelligence
In recent years, deep learning has been proven to be very powerful for
overcoming many computer vision problems, such as image classification,
object detection, semantic segmentation, action recognition, etc. In fact,
deep learning based methods have been the state-of-the-art solutions
to these problems. However, it is still extremely challenging to achieve
human-level performance to solve real-world computer vision problems.
This project aims to develop novel deep learning techniques for various
visual recognition problems of robotics. To be specific, we focus on solving
human and environment understanding problems via developing deep
learning based solutions that are able to recognize persons with their
activities and understand real-world environment. Meanwhile, to tackle
the problem of requiring large-size datasets for deep model training, we
investigate generative adversarial networks to synthesize photo-realistic
images for more training samples under different domains. Furthermore,
it is also desired to understand the real-world scenery for robot navigation
via 3D modeling and positioning. This is also useful for the deep models
to learn relationships between different objects through 3D locations of
the objects. Hence, we also study room layout estimation for 3D scene
modeling. Moreover, it is also important for the robots to react reliably
to various real-world situations, e.g. human-computer interaction. So,
we also study deep learning perception and decision making for smart
robot. In addition, it is well known that deep learning is resource hungry,
resulting in difficulty
when deploying deep
models to real-world
devices. Therefore,
we investigate the
optimization of deep
l e a rn i n g a l g o r i t h m s ,
computing platform,
a n d h a r d w a r e
architecture to achieve
optimal computational
efficiency and reduced
hardware requirements.

Design and Construction of "Unmanned AI Rapid
Processing Plant for Organic Wastes"
PI: Chiu-Chung Young
Co-PI: Yen-Wei Chu, Chih-Yu Wen, Chih Peng Fan, Ching-Chih Tsai, Jyh-Yih Hsu,
Yung-Kuhan Chuan, Chung-The Sheng
Affiliation:
Department of Soil and Environmental Sciences, National Chung Hsing University
Institute of Genomics and Bioinformatics, National Chung Hsing University
Department of Electrical Engineering, National Chung Hsing University
Department of Management Information Systems, National Chung Hsing University
Department of Bio-Industrial Mechatronics Engineering, National Chung Hsing University
Category: Artificial Intelligence, Deep Learning, Big Data Analysis
Derivative company : TETANTI AGRI-BIOTECH CO., LTD.
Organic fertilizer is the most important fertilizer for sustainable agriculture that
made from organic wastes and became a key point indicator in soil fertilizer.
Since the large number of organic wastes and processing difficulties, the
current traditional composting process requires a large area for stacking, timeconsuming for 2-4 months, bad smelly and dirty, not suitable for direct contact
with personnel and exposure, prone to secondary environmental pollution. The
lack of labor in today's society is a serious problem of waste disposal and the
lack of intelligent treatment system for the rapid handling of organic wastes.
With the artificial intelligence of agricultural circular economy point of view,
the project will design and construction a "unmanned AI rapid processing
factory for organic wastes". The project will combine with domestic and foreign
professors and professions in AI to develop learning to automatically detect
natural bodies of organic wastes, to develop and apply the large database,
expert systems and integration of learning and judgment processing AI
hardware and software.
Based on the wisdom of the circular economy of agriculture, the project will
be applied to the innovative technology of the world's only three-hour rapid
processing of organic waste to make organic fertilizers, which was developed
by Academician Chiu-Chung Young, and designed and constructed the
“Unmanned Organic Waste Intelligent Rapid Treatment Plant”. In order to
achieve the effective, rapid and total solution to the recycling, environmental
protection and labor difficulties of global organic waste, quickly produce
high-quality and accurate
nutrients and organic
fertilizers. The southward
policy and the whole plant
output will significantly
enhance the development
of our international
competitiveness in the
"smar t urban and rural"
▲ Academician Chiu-Chung Young participated o p t i m i z a t i o n a n d " n e w
in the Future Technology Exhibition hosted by the agriculture" and "circular
Ministry of Science and Technology.
economy"

GAN-Inspired Deep Learning Techniques and Network
Compression for Computer Vision Applications
PI: Tyng-Luh Liu
Co-PI: Hwann-Tzong Chen, Hsing-Kuo Pao
Affiliation: Institute of Information Science, Academia Sinica

Department of Computer Science, National Tsing Hua University
Department of Computer Science and Information Engineering, National Taiwan
University of Science and Technology
Category: Computer Vision, Machine Learning, Deep Learning, Artificial Intelligence
Derivative company: AiXpert

T h e f o u r- y e a r r e s e a r c h
project aims to develop
deep learning techniques
for a wide spectrum
of emergent ar tificial
intelligence (AI) applications.
At the core of our research
motivation is to generalize
the idea of Generative
Adversarial Networks (GANs) so that we could establish new deep learning
models and frameworks to yield effective and practical solutions for
challenging computer vision problems. GANs are introduced as a new
type of deep generative models and have inspired not only highly-active
research endeavors but also quite a number of new applications, say,
in computer vision. The main design principle of a typical GAN model
is to enhance the generative power of the generator, which is naturally
an unsupervised model, via the informative feedback from the coupled
discriminator. The impressive performance gain for training such a deep
neural network with the GAN-like informative feedback versus without
such extra information has been repeatedly demonstrated in tackling
numerous challenging problems. Motivated by the success, we set out to
investigate their effects in training a DNN from all forms of useful feedback,
such as network aggregations, attention cues, memory cues, local-vsglobal information, multi-modality fusion, and so on. The other focal point
of our project is to establish state-of-the-art algorithms for compressing
DNNs or to construct efficient DNN architecture from scratch. This aspect
of consideration is not only practical in reducing the size of a learned
network but also useful in speeding up the run time. More importantly, the
practical technique can popularize the use of DNNs for edge devices with
less computing resources.

