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Emerging Digital Solutions Award 
 
The Emerging Digital Solutions winner is selected for their proven and 
scalable innovative digital solutions capable of transforming the wellbeing, 
prosperity, connectivity or productivity of others around the world.  
 
This award will take into consideration the successful application of ICT in such 
areas as humanitarianism, health, social awareness and justice, rule of law, 
sustainable growth, business and commerce, health care, education, as well as 
the effective delivery of public services and transparency. 
 
The Emerging Digital Solutions program recognizes early-stage or veteran 
companies whose solutions are new, and scalable to other locations throughout 
the world. The Emerging Digital Solutions program is looking for solutions that 
can be presented to interested policy makers, investors, corporations and social 
stakeholders with the potential to boost its development and deployment, 
aiming to significantly impact individuals, groups and societies. 
 
YOUR NOMINEES (limit three nominations per award category).  

l Institute for Information Industry (III) is the Driving Force of Taiwan’s 
Information Technology Industry Transformation (www.iii.org.tw). III was 
incorporated in 1979, through the joint efforts of public and private sectors, 
to support the development of information industry as well as information 
applications of each area in Taiwan. 

l Industrial Technology Research Institute (ITRI) is a world-leading applied 
technology research institute with more than 6,000 outstanding employees. 
Its mission is to drive industrial development, create economic value, and 
enhance social well-being through technology R&D. Founded in 1973, it 
pioneered in IC development and started to nurture new tech ventures and 
deliver its R&D results to industries. ITRI has set up and incubated 
companies such as TSMC, UMC, Taiwan Mask Corp., Epistar Corp., Mirle 
Automation Corp., and Taiwan Biomaterial Co. 
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REASONS FOR NOMINATION:  

 
Figure 1. Vice President Lai with chief managers 

 
Figure 2. Machining robot 

1. First Robot-Human Collaboration Hybrid Simulator For Mixed Model 
Production Developed by Taiwan 

This simulator system is the first one developed in Taiwan that integrates big 
data, human factors engineering, and human-robot interaction under the safety 
guidelines of human-robot mixed model collaboration. In order to overcome the 
high complexity of human-machine mixed model production in the manufacturing 
sites, the system could simulate the operational arrangement of hardware and 
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human workers in advanced. Also, with the combination of worker’s physical 
fatigue analytics, the robotic arm can compensate for the decline in the range of 
motion activity caused by human fatigue. In summary, it could assist Taiwan's 
electrical machinery manufacturers to reduce manpower by 50% and cycle time 
by 20% in human-machine mixed model production via the path generation and 
obstacle avoidance techniques developed by this system.  

2. Innovative AI model computing and image recognition technologies in 

identifying the operational process and physiological status of the worker 

This system uses machine learning and image recognition technologies to 
identify operational process and physiological status of the worker. Through the 
analysis of MEMS signals, visual field, and reachable field, the system can classify 
the fatigue level of workers and recognize the behavior patterns of workers due to 
fatigue and the corresponding work efficiency. For example, during the worker’s 
manual operation, the posture recognition analysis is carried out to evaluate 
whether the standard procedure and the skeleton motion are correct or not. 
Through the collaboration between worker and robot, it can avoid dangerous 
behaviors and replace high repetitive actions to improve the utilization of 
production lines. This kind of hybrid human-robot interaction feature in our 
system allows people to assess work and make decisions through experience, 
knowledge and wisdom, while collaborating with robots to perform high-risk and 
high-repetition tasks.  

3. Accelerating Digital Transformation for Manufacturing Industries in 
Taiwan 

In the post-pandemic era, the utilization of intelligent manufacturing in 
industry is crucial. Recently, intelligent manufacturing tried to integrate with 
automation through information communication technology (ICT), and digitize 
the experiences of the artisan and then transfer it to robots for automated 
production. This system platform will support the intelligent migration of at least 
five types of artisan experiences in processing, which will be presented in digital 
modules. With the features mentioned above, our hybrid simulator could connect 
upstream, midstream and downstream industries together to provide intelligent 
robotic automation services and applications. As a result, it also promotes the ICT 
capacity of manufacturing companies in Taiwan. Not only to keep traditional 
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strength in hardware manufacturing, but also to digitally transform their roles to 
software design and services.    

 

Figure 3. Technical process of simulator 

source:  *Siemens, 2018/ #FraunhoverIPA, 2021 

 

Figure 4. Real-time fatigue detection by body estimation 

4. Agile Industrial Application for deployment in Taiwan and Overseas  
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Since the COVID-19 pandemic has caused a large transition of the supply 
chains worldwide, it is crucial to take the opportunity to occupy the new market in 
time. Our system could bring the companies of the Internet of Thing (IoT), ICT, 
Sensors, System integration (SI), and Manufacturing together to provide total 
solutions for Taiwan and overseas. Through providing immersive 3D human-robot 
collaborative environment with high information security and agile international 
deployment, our system offers huge potential of making Taiwan an exporter of 
intelligent manufacturing integrated system services. It is hoped that the relevant 
experience will continue to be applied to various industries to implement 
intelligent manufacturing-related applications, to assist industries for digital 
transformation, and to build leading partnerships in smart manufacturing 
worldwide. 

SUPPORTING INFORMATION:  

l Our ICT product 

� Agile Robot-Human Collaboration Hybrid Simulator (ARCHS) 

� https://youtu.be/ZKZ5KJgkN5Q (direct link) 
� https://drive.google.com/file/d/1H2aasND4pKhD_ry0E2RGgkCE

Ns7oSt8f/view?usp=sharing  (download) 

l Media Reports 

� Vice President Lai attends opening ceremony in TAIROS 2021 
(賴副總統蒞臨 2021 TAIROS 及自動化工業大展開幕典禮) 
https://money.udn.com/money/story/5635/5963458 

‧ Ministry of Economic Affair (MOEA) helps industries to digital 
transformation (經濟部助產業數位轉型智慧機器人成果疫鳴驚人) 
https://www.itri.org.tw/ListStyle.aspx?DisplayStyle=01_content&SiteI
D=1&MmmID=1036276263153520257&MGID=1101215135444283
87 

‧ ITRI shows intelligent robot to Vice President Lai 
 (「疫」鳴驚人！賴清德合影機械手臂	 工研院大秀智慧機器人) 
https://www.setn.com/News.aspx?NewsID=1042630 

‧ Small and medium enterprise goes into intelligent manufacturing with 
digital transformation 
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(中小企業透過數位轉型 邁向智慧製造) 
https://ctee.com.tw/industrynews/590482.html 

‧ Appreciation from our partner 
https://drive.google.com/file/d/1w1q5wJm9fHTPuM4cmT7wERDRO
O7hdyx9/view?usp=sharing 

‧ Real Scene of our application 
https://drive.google.com/file/d/1iqFFT9j2A4LIfXuRGhQw19d18B_0c
Hrb/view?usp=sharing 

l Patents Granted 

‧ SYNCHRONIZATION MANAGEMENT SERVER, 
SYNCHRONIZATION MANAGEMENT SYSTEM AND 
SYNCHRONIZATION MANAGEMENT METHOD 

 
NOMINEE CONTACT INFORMATION 
Name/title: Chen, Hong En /Senior Engineer 
Email: hongenchen@iii.org.tw 
Phone/Mobile: +886982337324 

 

Agile Robot-Human Collaboration Hybrid 

Simulator (ARCHS)  

u EXECUTIVE SUMMARY 

In recent years, many industries are facing challenges such as shortened 
product life cycles、poor automation、labor shortage and etc. Taking BMW in 
automobile manufacturing as an example, according to the McKinsey report, there 
were only 12 models produced in 2000 while it had increased to 22 models by 
2011. The growth has increased to 83% and the life cycle of new models had been 
shortened from 131 months to 106 months. Obviously, this rapid-changing market 
trend has shifted the manufacturing industry from mass production & single-
machine assembly line to small quantity & multiple production lines. Therefore, 
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the emerging trend towards applying automation and industrial robots is 
happening more and more in industries everywhere.  

In addition, affected by the COVID-19 pandemic, many companies are 
thinking about how to strengthen the role of robots in their industries. For example, 
improving production efficiency or providing assistance to employees, so that they 
can reduce the impact of manpower caused by the pandemic. Therefore, 
companies need more flexible, multi-functional and easy-to-use robotic 
technologies to respond to the challenges in the market, production methods and 
manpower issues mentioned above. To meet these needs, robotic technologies 
have to shift from stand-alone single machine automation to more complex and 
delicate processing techniques with sensors, controllers and systematic 
technologies to achieve human-robot collaboration.  

However, under this digital transformation trend, it is difficult to achieve 
100% fully automation and some of them even need to rely on human processing. 
Therefore, collaborative robots began to be introduced to many industries. On one 
hand, these collaborative robots can reduce the investment cost (100% fully 
automation demands large amount of investment and is difficult to achieve the 
goal), and they are easy to learn and use; on the other hand, they can be quickly 
deployed to the production lines to shorten the installation time. In result of that, 
the above trends from interaction analysis shows that the adoption of robots by 
enterprises will slow down during the post-pandemic era, and robotic applications 
will not grow significantly until 2021, with exception for collaborative robots 
which are expected to maintain double-digit growth. 
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Figure 5. Universal Robots manufacturing plant 
source：https://technews.tw/2020/12/24/universal-robots-reaches-industry-milestone-with-50-

thousand-cobots-sold-worldwide/ 

To sum up, our Agile Robot- Human Collaboration Hybrid Simulator 
(ARCHS) will integrate the robotic controller with AI modules, combing the 
manufacturing application-oriented intelligent simulation software and the digital 
platform to build an agile, flexible, and multi-functional robot manufacturing 
system with human-centric and user-friendly interface.  

Ø Introduction 

The main topic of artificial intelligence research in Europe and the United 
States has also focused on the division of labor between human-computer 
collaboration, trying to address how the system can be achieved through making 
good use of high computing power of hardware, big data, and the creativity, 
sensibility, knowledge and experiences of human. 

Director of Microsoft Research Asia, Hsiao-Wuen Hon, emphasized that not 
only robots but also "human-machine co-revolution" era is coming. Although 
Artificial Intelligence (AI) is becoming more and more powerful, human beings 
have Human Intelligence (HI) that machines still cannot replace fully. The most 
important value of human is constantly seeking the unknown. No matter how smart 
people are, they can't solve all the problems by themselves. However, due to the 
evolution of science and technology, humans are more capable to use creativity to 
"make bold hypothesis" and then " test verification carefully" via various source 
of data to achieve higher goals that humans could not achieve before. As the figure 
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shown below, humans are better at creation and judgment which are related to 
decision making issues in open system, while machines are good at high repetition 
and prediction tasks. These two can collaborate with each other in an explainable, 
interactive, and concrete ways to improve production efficiency and quality for 
meeting marketing trends and production changes mentioned above.  

 

Figure 6. The Fusion elements of AI + HI  

source: Accenture, 2018 

Ø System Overview 

Our system uses LiDAR for converting workplace scenes into 3D virtual lay-
out by high fidelity simulation and rendering technology in point cloud format. In 
addition, the system will collect the operator's Micro Electro Mechanical Systems 
(MEMS) signals with human posture detection AI techniques to judge his/her 
fatigue level and send the results to the robotic arm instantly. In this way, the 
system can calculate and judge the operator’s movable working range via the 
micro camera installed in the actual testing site. So when the operator's working 
activity ranges start to decline (or shows fatigue), the robotic arm could 
immediately compensate that to maintain the original operational performance 
under safety guidelines. This special technical feature in our system is especially 
suitable and useful for highly complex applications with mixed human-robot 
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production lines, in addition to the traditional multi-arm robotic operating 
environment. 

Besides, the system develops cloud CAD/CAM with digital twin 
technologies which dynamically generates and manages the required resources 
and saves lots of pre-operation work. At the same time, our system could carry out 
decentralized computation for computing-intensive tasks through cloud 
synchronous collaboration and conflict management mechanisms to complete 
super-large design task and to achieve agile production.  

Finally, the KPI is calculated in real time through the cloud to capture the 
efficiency of personnel and machine operation from the actual working site, so 
that managers can fully understand the differences between the actual capacity of 
the production line and the expected capacity through the Cloud War Room.  

 
Figure 7. System overview 

Ø System Features 

1. The workplace scenes could be built through 3D high-fidelity technology to 
simulate human and multi-machine collaborative production processes. 

For example, the simulator could model workplace in 3D high-fidelity 
including the digitalization of the work environment, equipment, robots, and 



11 

 

human-machine mixed production process. Our system can digitally store 
production inspection data, allow the users to collaborate in a 3D virtual 
environment for product development, simulate human-machine production 
processes, conduct manufacturability analysis and quality design, and applying 
off-line automated inspection. 

 
Figure 8. Hybrid simulation of human and multi robots 

2. Provide Innovative Digital Twin Module for Human Worker’s Physiology 
and Movement  

First, the skeleton posture/gesture of the worker is captured and classified by 
OpenPose, and then the results were transformed into 3D human-skeleton motion 
data into the simulator. Secondly, in conjunction with MEMS signals, facial 
recognition and gesture recognition from the human worker, the worker’s fatigue 
classification could be calculated and predicted through Human Factors 
Engineering analysis and AI machine learning. Finally, our system could make 
reasonable judgments on the current work procedure and operational status of the 
human worker based on these 3D human-skeleton motion data to give appropriate 
suggestions and record the operation efficiency for further production evaluation 
and improvement.  
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Figure 9. Shape directly converted to 3D body 

Source:  Yiannakides et al. 2019 

 
Figure 10. Pose training architect 

Source:  Martines et al., 2017 
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Figure 11. Continuous analysis and improvement with pose location connected to hybrid simulator 

3. Integration of Virtual-Physical Collaboration Modules to Achieve Self-
Adaptation of Robot-Human Compensation  

By combining the two system features mentioned above, the system 
simulator can integrate the 3D digital information of worker 's gesture and 
physiology, and the 3D virtual environment of workplace equipment to obtain a 
simulated human -robot collaborative operation scene. At the same time, it can 
also capture the electromyography (EMG) signals as the fatigue reference of the 
workers, so the mechanical equipment such as robotic arms could compensate 
working performance in human-robot collaboration. For example, during the 
inspection process of welding, the system could provide self-adopted modules that 
could enhance robot-human collaboration via automated adjustment to human 
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operator working range of motion based on the different comfort/fatigue levels of 
the worker and standard operational sequences.  

Ø System Architect 

The system architecture focuses on the operator's physiological condition, 
feedback to the hardware equipment, and through the equipment to achieve 
human-computer collaboration. Through the acquisition of MEMS signals, and the 
linkage of OpenPose to obtain the operator’s gesture during the operation, the 
operator’s fatigue classification could be defined. In addition, the operator and the 
robotic device could support third-party applications such as unity and other 3D 
modeling tools to create highly realistic (including light and shadow rendering, 
textures, materials) models. 

The simulator of the system mainly consists three elements: human, objects 
and scenes. Regarding the human and objects aspect, our system could 
demonstrate human-robot collaborative & adaptive obstacle avoidance which is 
carried out through detection of action force, reaction force and movement 
trajectory. Additionally, it could record their relative positions in the operational 
scenes for positioning and movement trajectory tracking. Regarding the 
operational scenes in the workplace, it is built through semantic and standard 
information exchange format (YAML or XML) for the relative positioning and 
physical characteristics of human, objects and scenes. It also optimizes the 
operating performance through a high-fidelity rendering engine for making the 
simulation process smoothly. 

In ROS, RTOS, Windows, it could connect real-time operation information 
to simulator objects and update their physical characteristics through MQTT, 
Protobuf and other message queueing communication protocols, so that objects in 
the virtual world can be closer to real for the physical world to build digital twins 
of human, objects and scenes. 
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Figure 12. simulator architect 

Ø System Effect and Benefit 

Allowing 3D Simulation for Human-Robot mixed Model Production:             
Our system can allow the user to construct a 3D digital environment, for 
manufacturability analysis, quality design and the same virtual plant generated in 
the engineering design phase, providing users with high-resolution 3D virtual 
reality graphics and dynamic movements that can display all engineering design 
data. In this 3D virtual plant, it can simulate the operation, operation and 
maintenance process, and carry out product collaborative development to improve 
the overall design to optimize it. 

1. Offer High-Efficiency Robot-Human Hybrid Industrial Application  

The controller subsystem is manufactured with standardized robots, so that 
operators can easily operate them and improve work efficiency. Through our 
Human-Centric hybrid simulator, it could meet the needs of flexible 
manufacturing and improve workers’ productivity by 50% through the integration 
of human workers, robotic systems and intelligent equipment. 

2. Provide AI Self-Learning Modules For Robot-Human Collaboration 

Our simulator system applies AI self-learning collaborative robots and digital 
twin technologies to meet the high-quality and high-value needs of the market to 
promote digital transformation in manufacturing industries. Through the AI and 
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digital twin technologies, the barriers for deploying robots will be minimized 
while quality will be optimized. Additionally, the delivery period will be shortened 
and production capacity will be expanded. Thus, it could increase the yield rate of 
small-volume large-variety high-value products by 20%.  

3. Develop Digital Twin Modules to Optimize Dynamic Production 
System 

The digital twin machinery scene module of this system can set semantic 
programing for different operational process, and form an automated production 
line with task oriented arrangement. Through social machine technology, it could 
enable robots to self-coordinate, assign work and support connected production 
lines or single-station ones by increasing 10% of switching time between 
production lines. The dashboard of our system also could provide visualization of 
machine operation data during both design and production phases. In combination 
with human robot collaboration efficiency, our dashboard could confirm the 
operational status of the machine and to support the machine recovery in the event 
of problems to optimize dynamic production. 

Ø System Comparison 

Comparison Item 
*ARCHS 

(Our ICT product) 
Robot Master V-Rep 

Physics Engine Yes N/A Yes 

Path generation in cloud 

CAD/CAM 
Yes 

N/A N/A 

Real-time Control Yes N/A N/A 

Human Machine 

Collaboration 

Supporting human 

machine collaboration 

(including obstacle 

avoidance & path 

generation) 

N/A N/A 
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Collision Inspection 

� Supporting 

human -machine 

collision 

inspection 

� Offer obstacle 

avoidant path 

generation 

� Supporting  

multiple- 

machine 

Collision 

Inspection 

� Supporting  

Collision 

Inspection 

 


