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2025 NSTC Al Robotics « Smart Manufacturing Innovation Technology Matchmaking Forum

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
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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.
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