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Development of Collaborative Robots With ®

High Dynamic Impedance Response for Industrial Applications e e
Department of Mechanical Engineering, National Taiwan University [&el|E|olelf=15(e)y

Dr. Chao-Chieh Lan

This technology introduces a novel collaborative
robot featuring high dynamic impedance response
capabilities, addressing the significant gap in force-
sensing performance between existing collaborative
robots and human arms. By developing advanced
high-dynamic impedance control techniques and
torque-controlled joint modules, the robot achieves
improved dynamic responsiveness and compliance
without sacrificing arm rigidity, repeatability,
payload-to-weight ratio, and cost efficiency.
Integrating variable stiffness mechanism designs and
machine learning models, the precise joint module
dynamics facilitate rapid and compliant motion
control, allowing for accurate real-time adjustment of
interaction forces with the environment. The
developed robot has been validated through practical
applications, including  collaborative  grinding,
automatic plug-in assembly, and machine tool
loading and unloading tasks, demonstrating
significant potential in various high-performance
human-robot collaboration fields.

Project Highlights

+ Development of torque-controlled joint modules and establishment of accurate
mathematical dynamic models to enhance overall robot control performance.

* Dynamic impedance response systems based on variable stiffness mechanism designs,
achieving highly compliant and real-time adjustable impedance control.

+ System integration and practical field tests of collaborative grinding robots, demonstrating
high efficiency and operational practicality.

» Application of machine learning techniques to construct predictive dynamic models for
joint modules, improving control accuracy and stability.

+ Design and demonstration of automated peg-in-hole systems for multi-degree-of-freedom
joint modules, significantly enhancing production efficiency and application flexibility.

Industrial Applications

« Automated robotic peg-in-hole assembly for efficient and flexible component assembly,
meeting diverse industrial requirements.

« Automated robotic grinding and polishing processes that enhance surface quality, effectively
reducing labor costs and improving product competitiveness.

« Automated loading and unloading tasks in machine tools, optimizing production workflows,
enhancing efficiency, and reducing operator workload.

* High-dynamic safety and interactive applications in human-robot collaboration
environments, widely applicable in smart manufacturing, precision assembly, and other
diverse industrial sectors.

National Taiwan University 02-33662754
lancc@ntu.edu.tw

Contact Person Chao-Chieh Lan
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Motion Planning with Collision Avoidance for AUG.ZI

Multi-Human-Multi-Robot Collaboration Based

........ on Multi-Modal Sensing and Al Path Generation Human-robot

Department of Mechanical Engineering, National Taiwan University of [@6s)|FE]sle]f=1ile]2
Science and Technology

Dr. Po-Ting Lin

Modern manufacturing is shifting towards smart automation and
human-robot collaboration, yet traditional robotic arms still face
limitations in perception, adaptability, and obstacle avoidance. This
project aims to address these challenges by integrating multi-modal
perception, Al-driven motion generation, and intelligent obstacle
avoidance. Multi-modal perception techniques allow robots to
integrate visual, speech, and human motion data. Al-driven motion
generation leverages Vision-Language Models and reinforcement
learning to enable robotic arms to autonomously adjust their
movements according to various scenarios. Intelligent obstacle

) avoidance and multi-robot collaboration strategies ensure real-time
Department of Electronic and Computer

Engineering, National Taiwan University of ~ TODOt path planning and safe operation in dynamic environments.
Science and Technology

Dr. Yung-Yao Chen  Project Highlights

* Multi-modal perception data synchronization and fusion

* Real-time Al semantic-driven action generation

 Intelligent collision avoidance action planning for multi-person
and multi-robot systems

 Integration of visual-language models (VLM) with reinforcement
learning

* Edge computing platform and real-time data processing
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Industrial applications
*Human-robot collaborative assembly lines * Industrial visual and auditory anomaly detection
+ Collaborative collision avoidance system for + Intelligent material preparation and machining task
multiple robot arms execution system

*  Operational efficiency optimization for smart
manufacturing sites

Patent: METHOD AND SYSTEM FOR QUICKLY DETECTING SURROUNDING OBJECTS

Patent Number 1811816 Patent Term ~2041.10.20

This invention presents a method and system utilizing machine learning to rapidly detect positions and distances
of surrounding objects relative to a mechanical apparatus, enabling instant collision risk assessment and
automatic path correction.

National Taiwan University of Science and TEL 0983-033147

Contact Person Usdnrelagy | : . :
Dr. Po-Ting Lin Email  potinglin@mail.ntust.edu.tw
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An Al-enhanced Robotic Platform AUG‘ZI

for Tumor Ablation Human-robot

Department of Biomechatronics Engineering, Collaboration
National Taiwan University

Dr. Ping-Lang Yen

This project develops a surgical robotic system that serves as an assistant to
physicians during tumor ablation procedures. During the planning phase, the
needle insertion decision model integrates generative Al with clinical expertise
to collaboratively plan safe and effective insertion paths with greater efficiency.
In the execution phase, the system leverages sensors and robotic control to
provide precise positioning, executing physician commands while reducing
manual coordination burdens. For intraoperative safety monitoring, the system
fuses CT and ultrasound imaging, combined with a navigational human-
machine interface, delivering real-time visualization that enables physicians to
accurately monitor the insertion process without relying on frequent CT scans.
The project is conducted in close collaboration with a medical team, and
multiple field tests have been successfully carried out at Taipei Veterans General

Hospital.
( N Project Highlights
Macro-Minig * By combining generative Al with physicians’
R clinical expertise, the system efficiently plans safer
BaRFHFHRBAL G L . and more effective needle insertion paths.
' « Precision control of the robotic system alleviates
4 h manual coordination demands on physicians,
" reduces the frequency of patient CT scans, and
T enhances overa I?su rg iza I saFf)ety.
_ * The fusion of CT and ultrasound imaging provides
\ real-time intraoperative information, mitigating
4 puncture errors and surgical risks caused by soft
tissue deformation.
& REIAISEE
FitERS
N

Industrial Applications

* Tumor ablation therapy: Applicable to needle-based procedures for liver and lung tumors, improving precision and
safety.

* Guidance for minimally invasive surgery: Integrates real-time imaging and robotic control to assist in accurate tool
positioning and navigation.

* Intraoperative decision support: Provides personalized surgical recommendations to enhance clinical decision-
making efficiency

Patent (1) : ROBOT GUIDING SYSTEM AND ROBOT GUIDING METHOD
Patent Number 1744037 Patent Term ~2041/10/20

A robot navigation system includes a handheld robot, a spatial information measuring device, a computing module and a display. The hand-held robot has a base,
a tool and a movable connection mechanism. The movable connection mechanism is connected between the base and the tool, so that the tool can move
relative to the base. The spatial information measuring device is configured to track the base, the tool and a target. The computing module is connected to the
spatial information measuring device to obtain a plurality of relative positions between the base, the tool and the movable connection mechanism relative to the
target. The computing module calculates a guiding region according to the relative positions and mechanical parameters of the handheld robot. The display is
configured to display the guiding region and the handheld robot based on the coordinates of the target.

Patent (2) : ASSISTED SURGICAL PLANNING SYSTEM AND OPERATION METHOD THEREOF

Patent Number Patent Term

An assisted surgical planning system includes a host computer, a discriminative artificial intelligence (Al) module, a user navigation interface, and a generative Al
module. The discriminative Al module is electrically connected to the host computer, and is configured to form plural organ segmentation images based on
plural computed tomography (CT) images. The user navigation interface is electrically connected to the host computer, and is configured to display the organ
segmentation images, an initial needle insertion path, plural suggested needle insertion paths, and a final needle insertion path. The generative Al module is
electrically connected to the host computer, such that the host computer connects the user navigation interface to the generative Al module. The generative Al
module is configured to generate the suggested needle insertion paths based on the organ segmentation images and the initial needle insertion path, and display
the suggested needle insertion paths in the user navigation interface.

Department of Biomechatronics TEL 02-33665358

Contact Person Engineering, National Taiwan University
Ya-Shin Fong Email yashin@ntu.edu.tw
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AUC.21

Al-Driven Intelligent Robots

Human-robot

National Tsing Hua University, Department of Power Mechanical
Engineering

Dr. Jen-Yuan Chang

Collaboration

This project focuses on human-robot collaboration for intelligent
manufacturing and interactive service. Our team integrates generative
Al, 3D vision, force sensing, and anthropomorphic robotic grippers to
enable skill learning, force-aware manipulation, and voice interaction.
Applications include de-burring, object delivery, and task planning via
natural language. With modular and flexible design, the system
features dual-arm coordination, perception-driven control, and
human-in-the-loop adaptability, supporting future deployment in
aerospace, smart factories, and assistive robotics.

Project Highlights:

» Developed an intelligent interactive system that integrates voice
recognition, generative Al, and robotic arm control to achieve
semantic understanding and action generation.

» Designed an underactuated robotic gripper capable of dexterous
grasping, featuring compliant control and adaptive enveloping force
for enhanced safety and stability in human-robot interaction.

* Integrated 3D vision, real-time force sensing, and obstacle avoidance to support on-site
deployment in smart manufacturing and service-oriented applications.

» Proposed a novel force control algorithm combined with active actuators to improve precision
and robustness in robotic machining tasks.
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Industrial Applications:
» The technology integrates voice Al and intelligent robotic arms to enable smart human-robot

collaboration.
» Applications include smart manufacturing, assistive education, service robotics, and elderly
care, such as object handover, collaborative factory tasks, and training support for new

operators.

Patent : ROBOT & ROBOT HAND-EYE CALIBRATING METHOD

Patent Number US 12257726 B2 Patent Term ~2043/06/01

The invention provides a hand-eye calibration method for robots that maps robot and camera coordinates via a
calibration image, improving perception and manipulation accuracy.

National Tsing Hua University TEL 03-5715131 #33720
Tsai, Han Hao Email pme0918087420@gapp.nthu.edu.tw

Contact Person
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National Taipei University of Technology Collaboration

Dr. Jin-Siang Shaw

Human-Robot Collaboration and AMR

This project develops an integrated system for automated polishing of
casting parts by combining human-robot collaborative arms and
Autonomous Mobile Robots (AMRs). The system features Active Contact
Flange , O20 trajectory teaching, 6D pose estimation, and AOI-based defect
‘ : inspection. It enables precise and automated polishing, inspection, and
| & loading/unloading. In its fourth year, the system has been validated in real
factory environments, demonstrating its capability to enhance quality,
reduce labor, and support smart manufacturing applications.
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Project Highlights

» Designed Active Contact Flange (ACF) with £0.15N precision for consistent polishing force

* Developed 020 human-robot trajectory teaching system, reducing path teaching time by over 70%

+ Integrated 6D pose estimation with 3-point calibration for accurate casting part alignment

* Implemented AOI-based defect detection with 97% accuracy in 30 seconds, detecting defects 20.3mm
*  AMR achieved <2cm positional and <3° angular precision, with >90% remote call success rate

Industrial Applications

* The system applies to polishing of castings, metal hardware, and furniture, reducing 50% labor; AMR
cuts logistics manpower by 30%; O20 improves robot painting; AOI enables 90%+ accuracy in casting
and PCB inspection.

Patent (1) :

3D OBJECT OUTLINE DATA ESTABLISHMENT SYSTEM BASED ON ROBOTIC ARM AND METHOD THEREOF

Patent Number 1845450 Patent Term 20240/6/11~2043/11/23

The present invention proposes a system and method for establishing three-dimensional object contour data based on a robotic arm. An
object flange motion matrix is established between the observed object and the flange end through an object contour calculation device,
and image parameters are obtained from an imaging device, and the arm space coordinates and flange arm motion matrix are obtained from
a control device. The system further calculates the arm image motion matrix based on the above information, and multiplies the three sets of
motion matrices to obtain the object image motion matrix. Then, combined with the internal parameters of the imaging device, the
triangulation method is used to calculate the projection position of each three-dimensional coordinate point of the observed object
corresponding to the two-dimensional plane, thereby generating a contour image of the object. This technology can effectively establish
high-precision three-dimensional object contour data, improve modeling efficiency and application convenience, and is suitable for fields
such as machine vision and smart manufacturing.

Patent (2) : FLANGE DEVICE USING VOICE COIL MOTOR AND CONTACT CONTROL METHOD THEREOF

Patent Number 1802224 Patent Term 2024/05/11~ 2042/01/13

A flange device using a voice coil motor and a contact control method thereof senses contact data through a force sensor, a displacement
sensor, and an inertial measurement unit. The contact data is filtered and calculated using an inertial attitude and heading reference system
algorithm to generate force control instructions to control the displacement direction and distance of the flange device. The flange device
uses the voice coil motor to adjust the contact state between the polishing device and the object to be polished, thereby achieving the
technical effect of providing a quiet, precisely controlled, and fast-responding electromagnetic contact state adjustment device.

National Yang Ming Chiao Tung TEL 03-5712121 #54411

Contact Person University : ,
Dr. Hsien-I Lin Email sofin@nycu.edu.tw
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Anti-Corrosion, High-Sensitivity, and Scalable: AUG.ZI

Next Generation 2D Material Gas Sensor Chip
Technology

Department of Materials Science and Engineering, Sensors
National Tsing Hua University
Dr. Yu-Lun Chueh, Chair Professor
LR L To address the rapid degradation of electrochemical sensors, our
team focuses on detecting corrosive gases, offering durable and
stable 2D material-based sensors to reduce replacement and
calibration costs. Key advantages include minimal humidity and
baseline drift, linear temperature response, high wafer uniformity,
atomic-level sensitivity, and tunable selectivity. Third-party tests
confirm our sensors outperform commercial ones in NH; and H,S
detection with better stability and plug-and-play usability.

Smart Dust

Project Highlights

* Market Positioning: Our product focuses on enhancing durability and
stability, reducing sensor degradation over time to extend replacement
cycles and lower the total cost of ownership.

* Six Core Technical Advantages of 2D Materials: (a) Low humidity-induced
drift (b) Easy temperature calibration (c) Minimal baseline drift (d) High
wafer-level uniformity (e) High sensitivity (f) High selectivity ratio

* Third-Party Performance Verification (a-site): Independent validation
confirms our sensor components are highly sensitive and stable,
outperforming commercially available competitors.
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Industrial Applications

* Semiconductor Industry — Gas sensors deployed in factory environments to monitor toxic gas
emissions during industrial processes and to ensure workplace air quality.

* Advancing Smart Cities — Providing real-time and accurate environmental data to enhance the city’s
public image and improve residents’ quality of life.

Patent : Manufacturing Method of Two-dimensional Transition-metal Chalcogenide Thin Film

Patent Number US9,460,919 B1 Patent Term~ 2036/03/04

A method for manufacturing 2D transition-metal chalcogenide films uses a substrate, a transition-metal reaction film,
a chalcogen source, and plasma to induce a reaction, forming a thin film.

National Tsing Hua University TEL 03-5715131 #33827
RencHiao Guo Email  a0963932564@gmail.com

Contact Person
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Design and Algorithm Implementation of AUG‘Z I
a High-Speed Intelligent Readout Circuit for an

All-in-One Gas Sensor Chip Array Smart Dust

Institute of Electronics, National Yang Ming Chiao Tung University Sensors
Dr. Ray-Hua Horng

This research proposes a robust gas concentration estimation
framework by combining advanced gas sensor fabrication with
edge-oriented Al modeling. Two types of sensors were developed:
a ZnGa,0,-based NOx sensor grown on sapphire using MOCVD,
and a MEMS-based multi-gas sensor using SnO, films and
suspended structures for detecting H,S, TVOC, CO, and SO,. To
improve prediction accuracy under environmental interferences
like cross-sensitivity and temperature/humidity variations, a hybrid
MLP-LSTM deep learning model was used. Data preprocessing
included missing value interpolation, normalization, and cross-
validation. The model achieved R? values above 0.87 for all gases
and was deployed on ESP32 with TensorFlow Lite, enabling real-
time, low-power inference on edge devices.

: k
College of Electrical and Computer Engineering,
National Yang Ming Chiao Tung University

Chair Prof. Ray Hua Horng/Paul C.-P. Chao

Project Highlights

*  This study proposes an innovative MLP-LSTM architecture that effectively addresses the issues of cross-sensitivity and
environmental interference in gas sensors.

» Compared to traditional static models, the proposed method captures both spatial and temporal features, significantly

improving the accuracy of multi-gas prediction. * Missing data is handled through linear interpolation, and

Z-score normalization is applied to enhance feature

Multiple Gas Devices Sensing and At-edge Computation N consistency.

* The model is deployed on an ESP32 edge device,
integrated with TensorFlow Lite, enabling real-time, low-
power inference for portable and scalable environmental
monitoring.

* Experimental results show that the model achieves R?
values of 0.889, 0.888, 0.879, 0.875, and 0.880 for H,S,
TVOC, CO, SO,, and NOx respectively, demonstrating high
stability and strong practical application potential.

* When tested on the publicly available UCI ML Repository
dataset, the proposed model achieves the lowest MAE
compared to other gas sensing systems (CO: 0.124 ppm,
NOx: 113 ppb, H,S: 0.108 ppm, TVOC: 110 ppm, SO,: 0.13
ppb), highlighting its superior performance and
breakthrough capability.

Industrial Applications
e The system integrates MEMS and ZnGa,O, sensors with MLP-LSTM Al for accurate, low-power gas
detection on edge devices, suited for smart cities, wearables, mobile, and remote monitoring.

Patent (1) : Gas Sensing Device

Patent Number 1767241B Patent Term ~2040/05/27
A gas sensing device includes a thermal insulation single crystal substrate, a sensor for sensing gas concentration and a heater for providing a

temperature which is needed for sensing gas. The sensor and heater are in a first surface of the thermal insulation single crystal substrate.
The sensor has a micro-structure to improve a sensing accuracy.

Patent (2) : Micro Gas Sensor With Suspended Heater

Patent Number 17641848 Patent Term ~2040/06/28

This invention provides a micro gas sensor with suspended heater, which comprises an insulated substrate including a first surface and a heat
insulation cavity recessed from said first surface to a second surface opposite to said first surface, a patterned gas sensing layer suspended
over said heat insulation cavity and adhered on a periphery of said first surface and been a metal oxide with single crystal structure, and a
patterned heating layer surrounded apart from said patterned gas sensing layer and adhered on said periphery of said first surface such that
said patterned heating layer suspends over said heat insulation cavity.

College of Electrical and Computer

Engineering, TEL 03-5712121 #31377

Contact Person pnational Yang Mi : versi
g Ming Chiao Tung University .
Bt el Cnl2 @ e Email pchao@nycu.edu.tw
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Development of a Micro Hydrogen Sulfide (H.S)
Gas Sensing Module for Smart City Applications Smart Dust

Department of Electronic Engineering,
National Kaohsiung University of Science and Technology Sensors

Dr. Ting-Jen Hsueh

The sensor chips developed by our team were fabricated using the 6"-8" MEMS
technology service platform at the TSRI Southern Regional Center. After fabrication,
the chips underwent small-scale pilot packaging production at the gas sensor chip
packaging facility established within the Semiconductor Packaging and Testing Center
of National Kaohsiung University of Science and Technology. The resulting micro
hydrogen sulfide gas sensor chips feature low power consumption, low cost, fast
response, high sensitivity, high stability, and high selectivity. Furthermore, the circuit
module system was streamlined, standardized, and packaged, assisting academia in
achieving localization of sensor component modules and establishing independent
sensor technology capabilities.

Field deployment and testing were carried out at the Qijin Central District Wastewater
Treatment Plant in Kaohsiung, including setup and testing of signal transmission,
networking, and power supply functions. Measurement data were compared with
environmental temperature and humidity meters as well as internationally
benchmarked gas sensors. The collected data were transmitted back to a cloud
technology platform to form a regional monitoring network, thereby enhancing the
competitiveness of domestic industries in gas sensing products and smart networked
monitoring systems.

Project Highlights

» Developed MEMS gas sensing chips at the TSRI Southern Regional Center, creating a highly sensitive H,S chip-type gas
sensor with a compact size of 0.7 mm x 0.7 mm x 0.4 mm.

Conducted field networking setup and on-site testing at the Qijin Central District Wastewater Treatment Plant.
Performed measurement data comparisons with internationally benchmarked gas sensors.

Performed measurement data comparisons with commercially available sensors.

The gas sensor developed under this project has completed product packaging and has been integrated into the signal
circuit board.

A
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Industrial Applications

» Developed MEMS gas sensing chips at the TSRI Southern Regional Center, creating a highly sensitive H,S chip-type gas
sensor with a compact size of 0.7 mm x 0.7 mm x 0.4 mm.

* This product is newly developed, and deployment can be progressively expanded:

First in environments with constant temperature and humidity (such as semiconductor manufacturing plants, storage rooms,

or materials analysis laboratories), Then in environments with relatively small temperature variations (such as wastewater

treatment plants, sewers, or facility management sites) for broader promotion.

Patent : Structure of a Gas Sensor

Patent Number 1706571 Patent Term

This invention relates to a micro gas sensor structure comprising a hollow structure, an insulating layer, a low stress dielectric layer, a heating
element, and electrodes, with a sensing film disposed on the heating element. An oxide layer is formed at the bottom of the hollow structure.
This design enhances support performance and stability, enables sensing at high temperatures exceeding 500 °C, and improves both product
competitiveness and practicality.

Department of Electronic Engineering,
National Kaohsiung University of Science TEL 07-3814526 #15625

Contact Person Technol
Dr. ?I.Tz e_jenr? ilgsyueh Email tj.hsueh@gmail.com
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Research and Development of In-line Intelligent AUG.Z I

AOI Key Techniques and Integrated Platform

for Advanced Semiconductor Packaging Processes Cyber Physical

Department of Mechanical Engineering, Systems
National Taiwan University

Dr. Llang-ChIa Chen his project focuses on developing online intelligent micro/nano-scale inspection and
precision metrology technologies essential for advanced semiconductor packaging
processes. By integrating physical measurements (ultra-high-speed chromatic confocal
optical systems) with virtual monitoring (process modeling and virtual metrology), the
project aims to establish a smart, online inspection and metrology solution. A key outcome
is the development of an innovative 12-inch wafer three-axis scanning platform featuring a
measurement range of 300 x 300 x 5 mm3, constant scanning speed of 300 mm/s, and
positioning error within 50 nm, achieving a world-class throughput of 5-6 wafers per hour
(WPH). The project unites research teams from NTU, NYCU, NTUST, and NTUT, along with
several industrial partners, to co-develop various functional modules. System integration
and field testing will be completed in the third and fourth years. This initiative will enhance
Taiwan's capabilities in semiconductor inspection equipment and boost its global
competitiveness.

Project Highlights
. Independently developed a miniaturized fiber-based interferometric displacement measurement module with a resolution of 0.1
. . . . . nm, capable of resolving 5 nm stepping movements.
Institute of industrial Englneerlng, +  Asingle-axis multi-beam angular interferometer achieves tilt detection accuracy up to 0.275 arcseconds.
National Taiwan University »  Independently developed a six-degree-of-freedom online interferometric feedback system.
D J k BI . Developed a "high numerical aperture (NA), long working distance telecentric dispersive objective lens." This 10x objective
r.Ja ey ue achieves world-class NA while maintaining the long working distance required for semiconductor metrology equipment.

. Developed a "high-NA, long working distance telecentric tube lens" that surpasses commercially available objectives by
combining the largest available NA and entrance pupil size with telecentricity. There are no comparable specifications on the
market.

. Developed a "high-NA, wide field telecentric broadband scanning mirror." This is the only telecentric scanning mirror available
with NA > 0.08, featuring excellent dispersion control, suitable for high-resolution and large-area measurement systems such as
spectrometers.

. Developed a "high-speed, miniaturized, wide-field line-scan spectrometer module" with high optical resolution and peak extraction scan rates of 7,000-20,000 spectra per second,
filling a critical gap in current market technologies.

. Developed a galvanometer-scanning full-field chromatic confocal measurement probe.

. Developed a high-speed line-scan measurement probe by combining high-speed precision platforms, position-synchronized triggering technology, and an FPGA-based
embedded image acquisition system.

. "Prior Knowledge-Based Image Preprocessing": Adjusts source domain image brightness and contrast to match the histogram of the target domain, reducing cross-domain style
discrepancies.

. "Multi-target Domain Synthesis and Adaptation Framework": Utilizes reinforcement learning to optimize digital twins and generate synthetic target domain data using a
conditional GAN. Dual discriminators are trained collaboratively, increasing loU by 9.7% to 53.3% and 61.9% for synthetic and real domains, respectively.

. "Pruning Algorithm Optimization Strategy": Employs Bayesian optimization for automatic pruning parameter search, reducing model parameters by 83.6%, shortening inference
time by 98%, and boosting detection performance by nearly 50x.

. "Post-Image Classification Module": Performs scale conversion, binarization, denoising, and contour area filtering on semantic segmentation outputs, achieving 96.8% accuracy,
100% recall, and 93.5% precision.

. "Integrated Uncertainty Quantification and Drift Detection in Deep Online Learning Architecture”: Constructs a real-time updateable deep ensemble architecture for simultaneous
estimation of data and model uncertainty.

. "Real-Time Prediction Interval Computation": Enables models to assess their own confidence levels, enhancing prediction interval reliability.

. "Development of a Z-Score Drift Detector (ZDD)": Continuously monitors whether the relationship between prediction intervals and actual errors deviates from the normal
distribution.

. "Implementation of an Automatic Model Update and Replacement Mechanism Based on Drift Detection and Model State Recognition™: Uses dynamic learning rate adjustment to

improve model stability and responsiveness.
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Industrial Applications AR (43t SMENF &

*  Our team has collaborated with leading domestic semiconductor companies to develop high-speed solder ball
inspection, color confocal components, and integrated virtual metrology systems, successfully applied to CMP and
copper wire erosion prediction to improve yield. We also advanced image super-resolution and automated defect
inspection technologies, which have been implemented in metal tube and TFT-LCD production lines, achieving

classification accuracies of over 95%.

Patent : Linear Scanning Chromatic Confocal Measuring System

Patent Number 1801149 Patent Term ~2042/02/23

The present invention discloses a line-scan chromatic confocal measurement system that utilizes a dispersive objective to generate multiple
chromatic beams with different focal depths. Combined with a beam-steering module and a two-dimensional scanning mirror, the system
acquires spectral information from the sample and reconstructs its three-dimensional morphology.

Department of Mechanical Engineering, TEL +886 2 23620032

Contact Person National Taiwan University may0427mark@gmail.com

Wendy Yang Email Ichen@ntu.edu.tw
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The Development of a Dynamic Digital Twin System

Cyber Physical
Department of Mechanical Engineering, National Taiwan University Systems

Dr. Wen-Yuh Jywe

This project targets the aerospace and mold industries, where high-precision
manufacturing requires strict process control—making it ideal for digital twin
implementation. The goal is to develop a real-time monitoring and predictive
simulation system to enhance product quality, shorten process planning time,
and meet the global demand for cost reduction.

The project will establish an Aerospace Cyber-Physical Integration Cluster,
combining upstream, midstream, downstream, and sensor providers. The
focus is on end-to-end product quality and industry transformation.

Key developments include: Multi-sensor fusion and optical detection system;
Real-time sensing and Al prediction of cutting forces; On-machine cutting
history tracking and tool life prediction using Al models; Smart management
system integrated with ERP.

The final system integrates dynamic and static machining data into a virtual
machining platform (via Siemens' tools), enabling digital twin-driven
production, cloud-based tool management, scheduling coordination, and
quoting services. Chunghwa Telecom will provide cybersecurity support and
assist in operating the service platform.

Project Highlights

» Establish an integrated cyber-physical cluster by uniting upstream, midstream, and downstream players
in high-end precision manufacturing along with research institutions. Leverage AloT, real-time
monitoring, instantaneous sensing, and digital twin technologies to achieve full-process dynamic
monitoring and digital replicas of critical equipment.

* Reduce future process planning time, enable early prediction of product quality, enhance Taiwan' s
defense autonomy and order fulfillment capability, and increase profit margins by over 20%,
contributing to the goal of indigenous national defense manufacturing.

» Utilize Taiwan' s strengths in networking and ICT industries to assist smart machinery companies in
obtaining wireless and electronics certifications such as NCC, EMI, CE, and FCC, promoting the
integration of loT and Al technologies.

» Develop smart manufacturing technologies and products, covering all layers from PCB design, firmware
development, and software compilation to algorithm design. The goal is to achieve a key component
localization rate of over 80%.
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Industrial Applications

* In operations, enhance equipment utilization efficiency through smart maintenance management, high-
yield trial production, anomaly prevention, and customized high-complexity parts machining.

» During the machining process, implement real-time monitoring and adaptive control via anomaly
detection, closed-loop process data feedback, and cross-factory equipment integration.

National Taiwan University TEL 02-3366-2685
Hsiu-Ching Chang Email chc2022@ntu.edu.tw

Contact Person
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Motion Planning with Collision Avoidance for AUG.ZI

Multi-Human-Multi-Robot Collaboration Based
on Multi-Modal Sensing and Al Path Generation

Department of Mechanical Engineering, National Chung Hsing University BE) LIS

Focusing on Taiwan’ s globally competitive semiconductor
industry, this project addresses user-driven needs by
developing localized and innovative CNC ultrasonic
machining through deep vertical integration. It leverages
mechatronic and hardware-software integration
technologies to combine ultrasonic tool holders, smart
driver modules, wireless loT sensing for real-time and
remote monitoring, Al-based prediction and optimization,
AOI optical inspection, network communication, and
cybersecurity. The aim is to create a reliable, intelligent
system for advanced material machining and position
Taiwan as a leading R&D and supply hub, with spillover
benefits to semiconductors, IC packaging, optoelectronics,
5G, 3C electronics, medical devices, aerospace, EVs, and
energy industries.

Project Highlights

* Localized and high-value smart real-time monitoring and remote service technology for
ultrasonic composite machining of semiconductor materials.

+ Easy-to-install, plug-in, non-contact power transmission ultrasonic tool holder module
technology.

 Ultrasonic spindle integral with electric power transmitting function

* Remote-monitorable intelligent ultrasonic driver technology.

* loT-enabled smart tool holder technology for real-time monitoring and remote service.

* Optical imaging measurement technology for the amplitude of intelligent ultrasonic
tools.

Industrial Applications

» Semiconductor Industry: Shower head/Wafer / probe card / ceramic micro-drilling,
quartz / SiC / ceramic grinding

* Biomedical Industry: Stainless steel /Titanium micro-drilling and milling

» Aerospace Industry: Titanium/Nickel-based alloy / heat-resistant alloy drilling and
milling

» Optics and display panel : glass micro-drilling and edge grinding, drilling and grinding
of optics.

* Mold Industry: Tungsten carbide / titanium alloy milling

Patent: A High Frequency Vibration Spindle System

Patent Number TWI671159B Patent Term ~2037/09/15

A high frequency vibration spindle system. The tool holder is combined with the front end of the spindle. The power
transmission device is set at the front or rear end of the spindle. The power is transmitted through non-contact
electromagnetic induction, so that the oscillator set in the tool holder receives the power. Causes the tool to vibrate.

A high frequency vibration spindle system, with the tool holder integrated at the front end of the spindle, and a power
transmission device positioned at either the front or rear end of the spindle. The power is transmitted via non-contact
electromagnetic induction to the oscillator located within the tool holder, inducing vibration in the tool.

National Chung Hsing University ~ TEL 04-2284-0433 #409

Contact Person
Dr. Jeng-Shyong Chen Email  MichaelChen@nchu.edu.tw




2025 R BAIKSRA BEERERMRINRSRRAE

AUEC.2

L—

Al BE B8 B B filk B 3E F il
..................... H brﬂ] -EE-}J[II >

EIEEABEH NN IES A -
FRE #E

ZIK‘TEEﬁnlB?EEIJJFaﬁ%*rFﬁ%ﬂEEEr GERM s - IARIRAEERE LFR
BRMEIAA  AREFEENREARBESEN - BRSNS
EENERERNIEEREh NET  URRASELFERS—RL
FRENTISE A EIARAE - KB RIZFTE R AIEEROBFE AR BEIN - RIBA R
RAHREMREBRASWARNEERE  E—DREGERENED -
IEHR M ERR =B FFERE Tl - MU EFERTHERY I Fh
SHERRTBEENERRE - BERGSERTIEMEERSTEAT
B2 RRENRERRESARMN  TEARSERZS E#@E@ﬁ’*ﬁ%%ﬁ
AT EZBRAZRRERN DI ERIM - A REONRNRES

|:| EEJLagﬁ
¢ BaRBREENENRE -
c BhaRBREENERRE -

o ABREEXKEBRMES KRESHFEEERI -

(,ns Control System \1 n Gas (N,)°
(oo |
Precursor
DC Pulse
Carries Gag Power Supply Machine learning model

(Ar+H,)

lJl( asonic  Plasma —
nment 1
Plasma spectra
— -
Model testing ’,l\\
Prediction

Prism Mirror
Z

X-Y Stage

X@—Y

;-%FTH
B -#EERERCRERMERSHEE  SEFUASERNGR  RRERERIIIEAREYER -
RelRNBRBATER R "HEERNKR, AREE  BERTRESHBRANERTEREE
AREENREY -

HRNEMQ) : EFEBNRESZUREERTFER

EABESE 1842105 EF|REHARR ~2042/9/25
HRNEEERNE S EEERMEENEBUMASKERXRERENENREMEMUERE - ZREEREYEE
BHAEUBETEZRNEAKE - REARFBHEVRERAASWALEERY  BESEHENEDR -

HAEN(2) : ZRESEEMEZEAE

EAFBESE 1834267 EF|REHRIR ~2042/8/29
HFBENGB) - AR EEELBNRES KUR B EEEEBNGE
ERFBESE 1529223 EFHEHARR ~2034/11/19

B SIS ARE NN T2E8 % &5 (03)5742497
mtlee@pme.nthu.edu.tw

FHRE 2R




2025 NSTC Al Robotics » Smart Manufacturing Innovation Technology Matchmaking Forum

Al-Enabled Laser Green Manufacturing AUG.ZI

Technology Cyber Physical

Department of Power Mechanical Engineering, Systems
National Tsing Hua University

Dr. Ming-Tsang Lee

We successfully developed an innovative green laser deposition and
patterning technology that operates at ambient temperature and
pressure, significantly reducing processing time and complexity. It
effectively lowers material costs and energy consumption while offering
high flexibility in process design and system integration. Furthermore, the
reactive solutions used employ environmentally friendly solvents and
reducing agents. We also integrated multiphysics modeling, generative
artificial intelligence, and real-time optical diagnostics to build a Digital
Twin smart manufacturing platform. This technology is highly suitable for
producing emerging, high-value electronic and photonic products,
including 3D semiconductor components, flexible optoelectronic devices,
and silicon photonics.

Project Highlights

» Laser Direct Synthesis and Patterning

« Laser-Atmospheric Pressure Plasma Jet Thin Film Deposition and Patterning
* Al-opto-mechatronic integration for intelligent laser manufacturing system.
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Industrial Applications
* The innovative 3D laser manufacturing processes and systems integrating artificial intelligence enable
sustainable, high-precision, selective, and flexible fabrication of optoelectronics.

Patent (1) : METHOD OF FABRICATING ELECTRONIC CIRCUIT AND METAL ION SOLUTION

Patent Number 1842105 Patent Term ~2042/9/25

The patented precursor and the laser deposition process yield electrical and optical properties comparable to, or surpassing,
those produced by similar techniques, while offering the advantages of a green manufacturing process.

Patent (2) : METHOD FOR FORMING TRANSPARENT CONDUCTIVE PATTERN

Patent Number 1834267 Patent Term ~2042/8/29

Patent (3) : REACTIVE INK FOR FORMING CONDUCTIVE STRUCTURE AND METHOD OF MAKING CONDUCTIVE
STRUCTURE

Patent Number 1529223 Patent Term ~2034/11/19

Department of Power Mechanical TEL (03)5742497

Contact Person Engineering, National Tsing Hua University
Dr. Ming-Tsang Lee Email mtlee@pme.nthu.edu.tw
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Development of an Information-security,

Smart Manufacturing Innovation Technology Matchmaking Forum
Artificial-intelligence and Detection-perception
Smart Fabrication System for Precision Hybrid

Machining of High-performance Substrates

Department of Mechanical Engineering,
National Central University

Dr. Jeng-Rong Ho

Silicon carbide (SiC) is a third-generation semiconductor material, well-suited for high-power
and high-frequency devices. Glass, on the other hand, offers excellent thermal and chemical
stability along with low dielectric loss, making it an ideal substrate for u-LEDs, high-frequency
modules, and interposers in 3D packaging. This project focuses on developing intelligent hybrid
processing technologies for 8-inch SiC wafers and multilayer glass circuit boards.

To overcome bottlenecks such as low efficiency in SiC slicing and grinding and the high cost of
consumables, the project introduces innovative techniques including wire electrical discharge
slicing, laser-induced modification-assisted grinding, and stealth laser dicing. For glass
substrate processing, advanced fabrication methods are developed to produce through-holes
and microchannels with minimal burrs and residue, alongside laser-assisted electroless
metallization and laser-based through-glass bonding.

The entire process is integrated with artificial intelligence, machine learning, edge computing,
and cyber-physical fusion technologies to realize a fully intelligent manufacturing system.
Project outcomes demonstrate that SiC slicing kerf widths can be reduced to less than 120 pm
(via electrical discharge) and even under 20 um (via laser), with significantly enhanced grinding
and cutting efficiency. For glass substrates, through-hole diameters of less than 20 pm, aspect
ratios greater than 10, and line/space resolutions of 5 um/10 pm have been achieved.

The developed technologies hold strong application potential and are expected to drive the
localization of SiC processing and high-frequency glass circuit board manufacturing equipment.

Project Highlights
*  Breakthrough in SiC Wafer Processing: Adopted
wire EDM, laser-assisted grinding, and stealth
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Industrial Applications
* The proposed technologies enable intelligent mass production processes for SiC wafers and high-density glass circuit
boards. By supporting the development of localized equipment such as SiC dicing machines, hybrid grinders, and laser-
based glass PCB systems, the project empowers Taiwanese manufacturers to meet the growing demands of high-
frequency, high-power, and Micro-LED components. These advancements enhance the global competitiveness of
Taiwan' s semiconductor and PCB industries, while also accelerating the adoption of smart manufacturing in local

enterprises.

SiC BEIpRHEaE
1) 7 32l

HAABHRGSICRE > FHIE
U1 E R R e & H 5]
B e VY
(<20 um)> BAH &
S @ &

HLEBMA 0 h #H 0 RTR
A B AN £ R R

R A E R
o TR 7 8

WA b TR R
SEGmAEKE

Patent : Hybrid Method and System for Material Processing

dicing to improve slicing efficiency and reduce
kerf damage.

Innovative Glass PCB Technology: Developed
laser-based via/microchannel formation,
electroless metallization, and through-glass
bonding for high-frequency/Micro-LED use.
High-Speed Femtosecond Laser Processing:
Utilized galvanometer scanners for precision
structuring and bonding at speeds up to 1000
mm/s.

Integration of Smart Manufacturing: Incorporated
Al, machine learning, edge computing, cyber-
physical systems, cybersecurity, and distributed
cloud into production.

Advanced Technical Milestones: Reduced SiC kerf
width (180 — 120 um), doubled
grinding/singulation rates; achieved <20 um vias,
5/10 pm L/S in glass PCBs.

Localized  Equipment  Development:  Built
domestic SiC dicing/trimming systems, hybrid
wafer grinders, and glass PCB machines to
empower Taiwan' s industry.

Academic and Talent Impact: Provided deep
insights into brittle material processing and
system integration, fostering high-level talent for
smart manufacturing.

Patent Number 1797797

Patent Term 2023/04/01-2041/10/25

The present invention relates to a hybrid processing method for materials, comprising: emitting a laser beam toward a target area intended
to be modified by a laser; performing property modification in the target area; implementing an optical image equipment to assist precise

positioning to the target area of the work piece or to the positioning marker on the work piece, so as to align a machining tool to the target
area; and, driving the machining tool to perform processing of the target area.

Department of Mechanical Engineering,
National Central University

Dr. Ho, Jeng-Rong

TEL

Email

03-4227151 #34309
Contact Person

jrho@ncu.edu.tw
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..................................................................... Cyber Physical

National Yang Ming Chiao Tung University Systems
Dr. Shyh-Yuan Lee

Automated Production Process,
Inspection, and Quality Control

This project aims to develop a fully automated expert system for the
production of invisible aligners. The system integrates key technologies
including digital layout for dental model printing, 3D printing, post-
processing of printed models, reverse scanning with dimensional
accuracy verification, thermoforming of aligners, and automated
trimming along the gingival margin. The entire workflow is supported
by an automated storage and forming platform, enabling end-to-end
automated fabrication of invisible aligners and quantitative evaluation
% of dimensional deviations during printing, thermoforming, and
> y trimming processes. By incorporating Al-driven compensation
» 3 algorithms, the system ensures high-precision alignment of printed
~ V‘ \"K’ models and final aligner products.

Validation experiments show that without compensation, the

dimensional error of 3D-printed dental models can exceed 100 um, and
shrinkage during thermoforming may reach up to 12%, significantly
compromising aligner accuracy—potentially one of the reasons for
suboptimal orthodontic outcomes. After applying error analysis and Al-based compensation, the final
aligner deviation after thermoforming was reduced to less than 30 pum.
Additionally, the project employs digital twin simulation to demonstrate that tooth height significantly
influences aligner thickness during thermoforming. Specifically, taller teeth result in thinner formed
regions, leading to insufficient orthodontic force. This unintended thinning may further contribute to
reduced orthodontic effectiveness. Therefore, this project provides a digital twin-based analytical
framework to determine optimal aligner sheet thickness based on individual dental arch geometry and
tooth height, ensuring the delivery of appropriate orthodontic forces.

National Taipei University of Technology

Distinguished Prof. Cho-Pei Jiang

PI’OJeCt Highlights
A fully automated expert system for invisible aligner fabrication was co-developed by our team and
domestic industry partner.

¢ By applying Al-based compensation for errors arising from 3D printing and thermoforming processes,
the final aligner deviation was reduced to below 30 pum.

+ Digital twin analysis enables the determination of optimal aligner sheet thickness based on the
patient’ s dental arch and tooth height to ensure the delivery of appropriate orthodontic force.
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Industrial Applications

* Invisible aligners for orthodontic treatment

+ Customized oral appliances for sleep apnea prevention

« Customized mouthguards for athletes

» Surgical guides and other resin-based dental prosthetic components

National Taipei University of TEL 886-2-27712171 # 4833

Contact Person Technology : : :
Distinguished Prof. Jiang, Cho-Pei  Email  jcp@mail.ntut.edu.tw
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Research and Development of Intelligent AUG.ZI

Technologies for Five-axis Machine Tools

Department of Mechanical Engineering,
National Taiwan University

Dr. Meng-Shiun Tsai

This project is divided into three main objectives: 1. Establish a digital
twin system for five-axis machine tools; 2. Develop an intelligent edge
computing module with cloud security protection; and 3. Develop an
embedded artificial intelligence system. Through the research and
development of these three technologies, not only can the processing
efficiency and precision of five-axis machine tools be improved, but also
the finished product can be predicted before processing, ensuring that
the workpiece meets the required precision and surface quality from the
first workpiece.
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Project Highlights
+  Establish a digital twin system for five-axis machine tools, used to simulate motion control, structural vibrations, cutting forces, and
machining patterns in five-axis machining. Through simulation, this system facilitates machine tuning and adjustment of cutting
parameters. This project incorporates a structural vibration simulation system, enabling more precise simulation of the mechanical
dynamics during machining. Therefore, it significantly differs from other commercially available systems and is a highlight of this project.

* Install the Ell platform on the edge computing module, enabling it to utilize neural stick resources for Al model inference, which offers
forward-looking development potential.

*  The application of an embedded mouse sensor not only allows for simultaneous non-real-time and real-time (using machine learning)
thermal displacement monitoring and axial thermal compensation but can also be used for measuring axial backlash and spatial
distortion.

+  Using a touch-trigger probe for five-axis rotary axis measurement offers high measurement efficiency, low cost, easy installation, and
compatibility with different machine tool configurations. Combined with OPC UA for intelligent measurement compensation, it enables
automatic transmission of measurement results to the computer for real-time error calculation and compensation.

*  Propose using the machine tool's own servo motors for structural excitation, combined with self-developed accelerometer algorithms to
calculate vibration transmissibility, mode shapes, and natural frequencies. Through feature engineering and machine learning, this
approach enables effective long-term and real-time online monitoring of the machine.

Industrial Applications

*  This research technology can be divided into three major industrial applications:

*  CNC Controller Manufacturers: Develop advanced controller functions to enhance the machining efficiency and quality of domestic
CNC controllers, thereby increasing the competitiveness of domestically produced controllers.

*  Machine Tool Manufacturers: During the production phase of machine tools, a series of measurements are typically required. The
equipment developed through this technology can save machine measurement time and costs.

*  Precision Manufacturers: With the simulation system provided by this technology, machine tool behavior and machining quality can
be analyzed before processing. By simulating modifications to machining conditions and parameters, costs related to machining time
and material loss can be reduced.

Patent :
ERROR PREDICTION METHOD, CONTROL PARAMETER PLANNING METHOD AND SYSTEM FOR CNC MACHINE

Patent Number 1845262 Patent Term 2024/06/11 ~ 2043/04/18

This invention patent proposes a method for predicting corner errors in machine tools. It calculates position control information through a
machine tool interpolation planning model, then computes position feedback information and the actual corner errors using a servo motor
model. Finally, it employs a multi-error interval machine learning model to predict the corner profile error values based on the position
information and feedback information.

National Taiwan University Department of TEL 02-33663366 #62699

Contact Person Mechanical Engineering
Dr. Meng-Shiun Tsai Email mstsai0126@ntu.edu.tw
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System Design and Development AUG.ZI
p

on Integrating an Embedded Al Chi
with a 5 Axis CNC Controller Smart

Department of Mechanical Engineering, Manufactu ring
National Taiwan University

Dr. Meng-Shiun Tsai

This collaborative project brings together four professors from
mechanical engineering, electrical engineering, and computer science
together with the CNC controller industry, to build an integrated system
that combines an embedded Al chip with an advanced CNC controller.
The system brings Al-driven smart manufacturing technique directly
into the commercial CNC machine.

This project focuses on hardware-software integration to access core
parameters, overcome long-term Al model drift via continuous learning,
and develop the core of a high-speed, high-precision five-axis CNC
controller. Additionally, this project develops real-time thermal
displacement compensation, machining parameter optimization, tool
wear recognition and identification using an on-chip neural processing
unit (NPU).

By integrating these innovations, the project aims to deliver Al
applications for CNC machining and boost the competitiveness of the
industry.

Project Highlights

» The first embedded Al CNC controller developed locally, utilizing NPU for Al model inference, real-time
feedback and compensation can be achieved.

« Development of comprehensive thermal displacement compensation for x-axis, y-axis, and spindle,
maintaining accuracy over long-term processing.

+ Connection of sensor acquisition module to enable real-time Al thermal displacement compensation
directly within the CNC machine

+ Integration of Al models with interpolation, servo systems, contour error analysis, and machining time to
automatically optimize controller parameters

» Deployment of model pruning and quantizing techniques to run Al image recognition model natively
inside the CNC machine

+ Development of a cloud Al model management system, allowing users to deploy, update, and manage Al

models directly on the CNC controller B <ranens Bl ccans TR swm

OS /BSP Shared Memory

Industrial Applications

* Mechanical industry, automation industry, information technology industry, and autonomous vehicle
industry.

Patent :
ERROR PREDICTION METHOD, CONTROL PARAMETER PLANNING METHOD AND SYSTEM FOR CNC MACHINE

Patent Number 1845262 Patent Term 2024/06/11 ~ 2043/04/18

This invention patent proposes a method for predicting corner errors in machine tools. It calculates position control information through a
machine tool interpolation planning model, then computes position feedback information and the actual corner errors using a servo motor
model. Finally, it employs a multi-error interval machine learning model to predict the corner profile error values based on the position
information and feedback information.

National Taiwan University Department of TEL 02-33663366 #62699

Contact Person Mechanical Engineering
Dr. Meng-Shiun Tsai Email mstsai0126@ntu.edu.tw
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Smart Dust Sensor Technology AUG.ZI

R&D Service Platform Smart Dust

* National Center for Instrumentation Research Sensors

Dr. Fong-Zhi Chen

This project aims to establish a comprehensive sensor fabrication
service platform, comprising a heterogeneous sensor integration
process platform and a sensor networking and modular integration
testing platform. The objective is to support academia in localizing
sensor module development and fostering domestic capabilities in
sensor technologies. Grounded in forward-looking engineering
practices and integration testing technology development, the project
will implement real-world sensor deployment and utilize loT
technologies to form a regional monitoring network. This approach is
expected to significantly enhance the competitiveness of the domestic
industry in gas sensing products and smart networked monitoring
systems.

National Center for Instrumentation Research

Dr. Wen-Tse Hsiao

Project Highlights

e Collaborative development between academic teams and domestic industry on semiconductor-based,
miniaturized spectrometer, and optical gas sensor technologies.

* Integration of advanced academic research with the value-added capabilities of institutional platforms to
cultivate domestic self-sufficiency in sensor R&D, foster industrial clustering, and promote real-world
industrial applications.
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Industrial Applications

« Bridging critical sensor technologies to pilot-scale industrial implementation and localized productions
- such as materials, fabrication processes, circuits, modules, and systems.

« Expanding applications to civilian, societal, and industrial domains, including:

* (1) Environmental Protection Administration (EPA) standard monitoring stations, (2) semiconductor
manufacturing facilities, (3) wastewater treatment plants, and (4) smart city applications.

Patent : Multi-probing Device

Patent Number 1687691 Patent Term 2020/3/11~2038/12/16

A probing device is applied to a probing and testing system for semiconductor or electronic components, especially to a
probing and testing system that is used to input a specific gas inside. To fix a probe card at one end of the probing device, and
then introducing a specific gas into the interior of the probing device before starting the probing operation, and guiding the
specific gas to the area of the probe tips on a probe card by the mechanical design. A plurality of probe tips simultaneously
contact a plurality of pads of a plurality of dies on the wafer, and an appropriate voltage or current is applied to perform an
electrical test of dies on the wafer to ensure product quality.

National Center for Instrumentation 03-5779911 #594

Contact Person Research '
Dr. Wen-Tse(Vincent) Hsiao wentse@niar.org.tw
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Micro-spectrometer-based Full-field AUG.ZI

Ultra-miniature Gas Detection and
Micro-spectrometer Application Development K5 ElcabIIS;

Graduate Institute of Automation and Control, Sensors
National Taiwan University of Science and Technology

Dr. Cheng-Hao Ko
™

This project aims to develop ultra-miniature optical gas sensors,
combined with spectroscopic analysis technology, to realize real-time gas
monitoring in the whole field. The core technologies include: micro-
spectrometer, thin-film gas adsorption, and plasma spectral sensing
system.

Spectroscopic Sensing System: This system uses a self-developed micro-
spectrometer (Spectrochip) paired with a specific wavelength light source
to detect spectral interference changes caused by gas molecules.
Sensitivity is enhanced by adjusting parameters such as exposure time
and signal gain.

Smart Thin-Film Materials: In collaboration with ITRI and Advanced
Optoelectronic Technology Inc., we've developed various gas-sensitive
thin films (such as titanium dioxide, zinc oxide, tungsten trioxide, and
quantum dot films). These films can be swapped depending on the target
gas (e.g., CO, CO,, H,S, NO,) and detection accuracy (R2>0.9) is optimized
using temperature and humidity calibration curves.

Plasma Spectroscopic Sensing System: This system uses the Spectrochip
to measure the spectral wavelength of plasma within a vacuum tube,
thereby analyzing the different gas compositions within a mixed gas
environment.

/

R
SpectroChip
Miniaturization, ‘

RFGERFRI KR FRERLE:300:1 REREFHNIRAUR AR MR ERE 42 T RASAONH FWBERS R REMREIERE R
REEREERR AN B AEREE 500 AEBRUBZ R S A/ BEESALSNELE - STSEans EES RS 47 L & PEERE
BENBTHREHIG FEEHEE:0.5nm EEMSTTH BN RSP EET M
WRBTEB—RENERERL £ FERBARAT E:S nm RBTHRB—RENERERA £

FEBAE:<0.04%

FEREEE:300~1000 nm

REHEANZR R BED
\ EES0g - BEGAMBIEFE00% \ J
Project Highlights

* Miniaturization and multi-gas detection: High sensitivity can be achieved with a film thickness of only 3 microns, and
the film can be changed to detect different gases.

* Environmental adaptability: Highly linear correlation between spectral wavelength shift and environmental parameters
in the range of 80°C to 200°C and 20% to 70% humidity, ensuring reliability in outdoor applications. Compensates for
environmental changes.

» Cross-border cooperation: Integration of academia (NTUST), research institutes (ITRI) and industry (OPTOTECH) to
accelerate technology implementation.

* Low-cost optical solution: Self-built spectrometer replaces traditional Raman spectroscopy and other high-priced
equipment, lowering the deployment threshold.

»  Field security: Long-distance detection via optical fiber without power supply reduces field security risk.

Industrial Applications
* Intelligent Factory: Real-time monitoring of hazardous gases (e.g. CO, H,S) in the production line to prevent risks.

* Smart City: Deployed in public transportation systems or public areas to detect air pollutants (PM2.5, NO,) and
optimize environmental quality.

* Smart Home: Integrate the Internet of Things (IoT) in the home to detect indoor CO, concentration or gas leakage to
enhance residential safety.

National Taiwan University of Science and TEL 0955-908059

Contact Person Technology _
Yu-Chen, Hsu Email m11112032@gapps.ntust.edu.tw




