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1.

Intelligent machine vision for robot automation and machine tool
operation: (] B 8{LEE T B4 2 B ETIRF B I 5%

Machine vision systems are employed widely in industrial robot application nowadays for
enhancing robot flexibility and intelligence and have been playing an important role in factory
automation. A large number of two-dimensional (2-D) vision systems have been successfully
applied for industrial robot manipulation. To meet for urgent demands in providing accurate 3-D
information of industrial parts or achieving for more intelligent robotic manipulation, smart
three-dimensional (3-D) imaging has emerged as even more important technology to pursuit,
especially when dealing with complicated working geometry or condition. The existing 2-D
imaging technology may be seriously impeded by its limitations in handling complicated part
geometry. Thus, this research proposes a novel method by employing the developed 3-D optical
imaging and processing algorithm for accurate classification of object’s surface characteristics. In
the method, 3-D geometry of industrial parts can be first rapidly acquired by the developed
one-shot imaging optical probe based on Fourier Transform Profilometry (FTP) by using
digital-fringe projection at a speed of 30 fps (frames per second) or higher. Following this, the
acquired range image can be effectively segmented to three surface types by classifying point
clouds based on the statistical distribution of the normal surface vector of each detected 3-D point
and then the scene ground is reconstructed by applying least-squares fitting and classification
algorithms. Meanwhile, a recursive search process incorporating the region growing algorithm
for registering homogeneous surface region is developed. When the detected parts are randomly
overlapped on a workbench, a group of defined 3-D surface features, such as surface areas,
statistical values of the surface normal distribution and geometric distances of defined features,
can be uniquely recognized for detection of the part’s orientation. The homogeneous matrix of
the pre-defined part major surface can be detected for identification of the orientation of
individual workpieces. The integration of the developed 3-D vision system with an industrial
robot system is presented. Some experimental tests were performed to validate the feasibility of

the developed method for real robotic manipulation.
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Research on automatic in-situ optical inspection machine for

semi-conductor industries: GERI R EREARTE HE){L4R FYLEE
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The next generation of intelligent machine tools essentially demand smart in-situ optical
sensing technology for in-process monitoring or in-cycle gauging of workpieces to minimize
possible machining errors and thus to ensure high quality manufacturing optimally. For various
kinds of materials machining or forming processes, traditional means using manual inspection as
well as quality control cannot keep up with vast demands in high-speed in-situ three-dimensional
(3-D) or surface profilometry. In this research, a novel composite fringe profilometry (CFP)
method based on both of Fourier Transform Profilometry (FTP) and phase shifting principle
(PSP) is newly proposed to achieve the measuring accuracy closely reaching to the same level by
PSP, as well as one-shot imaging capability for achieving high-speed inspection. Multi sinusoidal
colour fringe patterns are encoded to form a unique composite colour pattern for projecting onto
the object’s surface, and its reflected deformed fringe image is taken by use of a triple-colour
CCD camera and rapidly processed by the developed CSP method employing an innovative
band-pass filter. A newly developed 3-D surface measuring method is capable of performing
surface dimensional metrology at a high speed up to 60 frames per second (ftp) or higher. To
reconstruct a 3-D profile of an object, a new strategy is developed to wrap three FTP-derived
phases by using the PSP method, in which surface reconstruction can be performed robustly for a
production of high-quality optical information. The experimental results preliminarily
demonstrate that the method has capability to acquire 3-D maps at a high speed while the
measurement accuracy being reaching up to that of traditional three-step PSP method. By
measuring standard step heights in a repeatability test, it is confirmed that a maximum measured
error can be controlled less than 1.5% of the overall measuring depth range. The measuring
bandwidth of surface inspection of workpieces can reach up to 60 ftp when a high-speed camera

is employed.

3. Development of a new generation microscopic white light interferometric
system with vast field of view for in-situ automatic optical inspection (AOI)

(BEXRREMERE ERXTSEMENRA M)

Scanning white light interferometry (SWLI) has the advantages of having a long measurement
range and high vertical accuracy. The long measurement range can be achieved due to a short
coherence length achieved in SWLI. Short coherence length enables absolute measurement without
encountered by the phase ambiguity problem that inherently exists in phase shifting interferometry
(PSI). However, the current SWLI technology has been significantly restrained from its potential
application for zn-srfu automatic optical inspection (AQI) mainly due to its incapability in measuring
objects having a low surface reflectivity, low measurement efficiency due to extremely limited
measuring field of view (FOV) and being incapable of resisting zn-s7fu measurement disturbances, such
as vibration and air turbulence. Therefore, this project proposes to develop a new generation zz-situ

SWLI system for tackling on the above three technological challenges. With this project development,



it 1s expected to perform zz-situ high-speed 3-D surface profilometry on micro structures with a high
lateral and vertical resolution as well in a high-speed measurement. The project aims to achieve the
following three technological breakthroughs: (a) to perform high-accurate profilometry of an object’ s
surface with low surface reflectivity, in which the measurement accuracy can reach the standards from
the traditional SWLI; (2) to obtain a vast measurement FOV up to 25 times to one covered by a
traditional Mirau interferometer while the lateral resolution maintains the traditional Mirau objective;
and (3) to be equipped with zn-situ anti-vibration capability in against in-field vibration or
disturbances.
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4. Development of multi-dimensional imaging, object detection and event
monitoring technology by employing multi robots working within hazardous

environment (AFE A B X F 1 = B G s @ A Rypidirz &=

#)

Applications of high-speed machine vision to be equipped with intelligent robots for
real-time multi-dimensional imaging (2D & 3D & radiation map) and object recognition are
extremely critical for winning success in today’s globally competitive world. New generation
machine vision systems having complicated optical image algorithms, electro-optic hardware and

intelligent software systems are now capable of delivering on the simultaneous promises of

high-speed and high-reliability 3-D object detection, especially for an intelligent robot operation



in fields. The optical machine vision technology has thus become an essential method and
expertise for developing intelligent robots. It also plays as a key to ensure success of effective
operation within a dangerous working environment, such as nuclear power plants. The main
objective of this project is to develop multi-dimensional imaging, object recognition and event
monitoring technology by employing multi robots working within hazardous environment. The
research proposes to employ multirobot integral optical detection for acquiring real-time
multi-dimensional imaging in cooperation with environmental radiation distribution. Meanwhile,
to develop object recognition capability using reconstructed 3-D information is also targeted as
one of the main objectives for in-situ automatic object detection and recognition. A miniaturized
optical vision system will be developed and integrated for intelligent robot operation. The system
to be developed integrates an innovative spontaneous optical interferometric principle and a
novel optical detection method to become capable of measuring dynamic 3-D surface
characteristics with a measurement bandwidth up to few hundreds Hz level bandwidth. In
addition, to satisfy spontaneous operation demands of an in-field robot operation, the project also
includes the development of multirobot cooperative sensing methodology, to speed up fast object
searching and accurate identification.
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