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BMAREBLEAESE—ENRABR T —  HARARNBEATERBAMLEEE?
HRERBENEESRNEERMESH ? 2020 F9 B 12 HRAHUEETH
(RAC-Coon) WR%E - LI "E2ER ) WBESRERENRIISHASFHNEE - FEL
RIBEMEN AN BEHENE - MARKRBEE - BEZSMAREM - AR
EXHELIESRERET - LR LRBZEEEW - REBHRESRERES
EXGFBHNHIGAT  HEAREMNAEHESREAERZHUERNER - FE
NHERNABREHZERERFENTFE B "HUERE, L LHOA  EEM
AREEBRUTZAR D - EABARERIEI0M r%’i*“k BRE -

Wil F BT AZREMRIBHZKRTRREN—EEER 4 (Design for Build) - 5%
uﬂiﬁﬁi—i%—LHﬁﬁE%mﬂ“ﬁ’ﬁﬁﬂ—:ﬁ%’”ﬁl'ﬁﬁaw HUEETHFRA T miEZEEE—:

—EE2HRHFERERANZEE—  REERENTHNEERZRELEFTES
m%tﬁ ENRIMFEETHE - THEMREBREEAINBENSE - F_EZR
HEZERZHUBRSTENZER—  ®RITHER KNABRENEMTFS
BIEIEER - BIEMRNEE AR REBES  EEEESHMRZEE LU
RETEIRGE - BREEMARZEGEEEMAISNEZ S UAIRT R (Total Solution) 1B
BIZ -

HEEZERMARET  BEATHWERURAT BREXBNBELGEMN FERNER
2Z— > RAC-Coon MEZZHBIRZLUBRREEED (PBL) E’J?ra?ﬂiﬁiﬁliﬁ BE
FELIAARKER DENRESE - FILS 7EARMBEASZERNILRAE

RAC-Coon RSN BHRIEER U TIESHESH %&?JEEETE BE T M
BZOLMHBERNZ— - W1 2020/08/24 5 REW T BE/SKHM  "made_by”
robots #es s T -

2021 & RAC-Coon BRI FEHENBER AT AT RBIEERE ()
B TR AR EREAKASHEERE  ANBEY —ERNFEEBI G X
MARBETE TEIHPAOBRE —EERENZRS . KE (Wave Eaves) - K
& (Wave Eaves) WEBEBEE F S ES2E FOREMAIR - BT EBREITA LR
EEEE (Mass Customization) BIFf - SR E B RE GBS T BB ERIH -
FEREAEBRER TEEEBEY LNBMFEHE AL  EEREEEN
HNERERISELER THN—8  BERERBCUNIENEE -

HMEBETHRRFESEERTEELEERT R —NEGENEAN - EBREBE
B AT EL - EEAR  BEERISE—BIREZEEMNEL - RAC-Coon RiAE
RO REAHBEA NEEMRBE BRI AEFIEE (Human-Robot Collaboration)
AT BEFURBEEXAWMEATHEAMELEERAWEMEE - BHESE
FERE . EMAILEEEFRFESD RESIARTHRESRBEIMES | Have a
Dream! MIFE - BRTERMWEL - £ T —RERA—EESITHBENET
BHERE  BFHE-ESERTHANESEERES -

HUBEETH
HUEEIH
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As one of the top architecture schools in Taiwan, what kind of social responsibility
does NCKU Architecture have in cultivating talents in architecture? What kind of
mission should it shoulder for the development of architecture in Taiwan?

On the 12th of September 2020, NCKU RAC-Coon made its debut with the vision
of “Smart Construction,” opening a new chapter for the future of architecture. The
opening ceremony gathered cross-domain teachers of NCKU, Chang, Ching-Hua
and Tai, Yu-Tse and other famous architects and alumni of NCKU, Chang, Kuo-
Chang, Chairman of the NCKU Architectural Cultural and Educational Foundation,
and also representatives of the industry-academia cooperation partners such
as Liao, Wen-Pin, Manager of HIWIN Technologies Corp. and Yen, Jui-Hsiung,
Chairman of Tongtai Machine & Tool Co. to witness the great aspiration of NCKU
of driving the digital transformation of the architectural industry. In the opening
ceremony, Su, Huey-Jen, President of NCKU, operated the robot personally to
place the keystone on “Digicloud” and announced that NCKU Architecture would
carry out the mission of social innovation and officially enter the palace of “Smart
Construction” in the era of the Architecture Industry 4.0.

The application of robots in architecture shows the concept of integrating design
and manufacturing, and manifests digital craftsmanship in the new era. RAC-
Coon initiated two unique breakthroughs in Taiwan: The first breakthrough is
the deployment of industrial robots with the highest payload among architecture
schools. This property enables researchers to manipulate massive architecture
components with robots. Only in this way the projects could be transferred from
the lab to the real field. The second breakthrough is that it provides the only total
solution to smart construction in Taiwan. Various sizes of robots together with the
material and structure test equipment make RAC-Coon the only field with total
solutions in Taiwan that covering design, manufacture, and validation in one place.

One of the key factors to smart construction is the cultivation of cross-domain
talents and the connection between talents and the industry. RAC-Coon not only
aims to create a project-based learning place but also make school an incubator
for future construction methods. Therefore, to provide a solid foundation for the
education of smart construction in Taiwan, RAC-Coon will adopt flexible learning
programs such as micro-course workshops. These workshops will combine
lectures with practical application, and RAC-Coon has held its first 6-day workshop
on the 24th of August 2020.

In 2021, RAC-Coon introduced robots to the undergraduate architecture design
studio and graduate school structure design course. It has successfully developed
a robotic assembly workflow for timber reciprocal frame structure. Moreover, it also
constructed a full-scale pavilion at the entrance of RAC-Coon: Wave Eaves. Wave
Eaves drove multiple technical innovations on smart construction, including rapid
customization of the prefabricated construction, and the tectonic and structure
innovation for hyperbolic paraboloid timber reciprocal frame. It is also the first in
Taiwan to realize the automated robotic assembly of the building structure. It has
set another milestone for the digital transformation of the architecture industry in
the aspect of automation, carrying an epoch-making significance.

Smart construction with robots would bring revolutionary innovations, affecting the
evolution of the whole industry from the education mode, talents output, industrial
upgrading to international competition. By integrating itself with academic
research and education, RAC-Coon will not only cultivate the interdisciplinary
talents on human-machine collaboration but also boost the digital transformation
in construction with the input of new talents. This will raise the bar for the industry
competition and thus create an international competitive advantage. Finally, draw
on a famous quote from Dr. Martin Luther King, "I have a dream!" It is both our
expectation and responsibility to provide a brand-new architectural environment
that is worth the enthusiasm of the next generation to join efforts in building an era
of smart construction.
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MABMIEE T (RAC-Coon) R IIRERAEEEEXWHUEE - M "EE8E#, (Smart
Construction) B ERNEMZLBEZ— - HREHBMAIFEE S (Robot-Aided Creation &
Construction) - #8574 RAC-Coon °

IHHNEERUBERSEEM B  BEHRNRBIRTERNWEERBAIE - IR T EZANIBRER
EREREN —BHEBUERBSEREBREBN TIEHREN - WEE 2 XEHEES 300 A
AR KUKA W FBER 2 TMEDEN ERENTE - FUBSEITHAETMESEE—: 55—
EE2WHFERESRANZERE—  EREEENTHNEEEZRENTEASAHENEHTF
BETHY  TEMRREREEAIEENSYE - E_ERRESEEESAUBRAHENZEE
— WRIEHZE[ - KNABAREMNEHFERBIEEE - JEAMRNEEBAHRENES #5158
EESEMASEE— IR HE  BAELHIREEEBEETHRHNE A UERSZE (Total
Solution) %Bal5 -

The purpose of NCKU RAC-Coon is to foster the digital transformation of Taiwan's
construction industry, with  “Smart Construction” as one of its main targets.

RAC-Coon was established primarily with the support of the Higher Education Sprout Project
of the Ministry of Education and also the generous donations by the alumni. It is located at
the Architecture Research Building of College of Planning and Design, NCKU. The project
refurbished the interior space of this building into a working space for interdisciplinary
research, teaching, and construction experiment. It is equipped with two large KUKA robots
with a payload of 300kgf and two medium HIWIN robots. RAC-Coon initiated two unique
breakthroughs in Taiwan: The first breakthrough is the deployment of industrial robots
with the highest payload among architecture schools. This property enables researchers to
manipulate massive architecture components with robots. Only in this way the projects could
be transferred from the lab to the real field. The second breakthrough is that it provides the
only total solution to smart construction in Taiwan. Various sizes of robots together with the
material and structure test equipment make RAC-Coon the only field with total solutions in
Taiwan that covering design, manufacture, and validation in one place.
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ROBOT AIDED CREATION AND
CONSTRUCTION 2020 - 2021

The newly renovated Workspace RAC-Coon
at NCKU leverages state-of-the-art industrial

technology to perform architectural fabrication
research.

THhm ARBREGFTRE
Robotic Aided Tectonics
Studio (RATs)

Robotic Drawing

{"made_by" Robots}

workshop

HAEETHE—E

HETIFE

TEEMBETFE
Bending_Active
Workshop

International Conference

Workshop 2021 for CAADRIA
SRR ER ARSI ERBIEAT
BAEFTEE BRESEE 2021CAADRIA

National Intercollegiate
Athletic Games
BEREIIEEASIFR SUEEBEFM
- EREAEBRE

HNEETIHHEEEZK
BHMURRB TS
Software workshop with
Dep. Architecture

ERMARBESIERE-
=P e AiE S 23
Industry-Academia
Collaboration with TAI-
Architects

RAC-Coon Grand

First Industry-Academia First in-house

Opening Collaboration with Bio- End-Effector-Hot

RAEMEET
RAC-Coon IERFEE

BURETHEEEFARERSE
X BRZHEBERERETRRER
First Construction project- Fu-

Architecture Formosana
BEREEBMRAABEIEE - HETIHE—EER
FLBRH S RN S FE P

Wire Foam Cutting

MEMITEE - (RE
BETIEISR

BWUESTH 2021 BEE
RAC-Coon 2021

De Temple Open House

"Wave Eaves" Pavilion

Ty BB F B

2021 Annual Report
BUEE T EAFEE
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Robot Aided Creating and Construction
National Cheng Kung University
Headquarter: Tainan, Taiwan
23°00'00.1"N 120°12'53.0"E

MBS T (RAC-Coon) WEZERHBHSH
RHMETERT - BN LRENBBERSE - &
MR AR EIRR AT PR AR R AE - BUEISET
PHERRKEAN B2 B S B S BRI
HE - DRRESERNIHUTER - TENED
AREIE 1 RN IHAOREALDES 2.4
BIH -3 AEFLYH 4 #8WMFELY  S5R
HXEELY -~ 6 LIREHFBERSAEZER -

RAC-Coon was established primarily
with the support of the Higher
Education Sprout Project of the Ministry
of Education and also the generous
donations by the alumni. It is located at
the Architecture Research Building of
College of Planning and Design, NCKU.
The project refurbished the interior
space of this building into a working
space for interdisciplinary research,
teaching, and construction experiment.
The working space consists of : 1. New
RAC-Coon entrance and its facade.
2. RAC-Coon Studio. 3. Workshop. 4.
KUKA robot cells. 5. Casting lab. 6.
HIWIN robot cells.

HBETIF=BAZINAEE MR
MmN REEREEBRAZE
B BESTEEHNEHZETH
5P -

RAC-Coon Studio is a
multifunctional space, including
the managers’ and lab
assistants’ office, the multi-
purpose classroom, and the
conference room.

HWHFE L ERERREN
eEREE - HEZEES2
> KUKA KR 300 2500 Ultra
wHFEM2aBE A LR
RAG20 #mF 55 -

The robot cells sit in the room
with elevated ceilings, where
the actual fabrication and
manufacturing happen. The
robot cells are equipped with two
KUKA robots with rails and two
HIWIN robots mounted on mobile
platforms.

BRABMF L RHEBLENHBIER
BB AZER - HRINEE
FOMURH T BEARNHBRIE -

The casting lab provides a space
for casting material research,
where students conduct casting
and curing test specimens. It can
also be a teaching and learning
space for a small group of
students.

120¢ Uo0D-Ovd NMON
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Robot Aided Creating and Construction

National Cheng Kung University

Robots: KUKA KR-300 R2500 ultra
HIWIN RA620-1739

THEEBARBRREFEMR - ARENFEMLEFNEURE  BEE
AR EEENREBEEMNHEISRMEASAIZIENIMNIER - RAC-
Coon EEMEHRE A TIFETT : UNBRMHN TIFETAMEZRERMLH
B LRI KUKAKR-300 - Z—RIBZERIBE N Farma LiRE=RA -

Industrial robots were originally designed for manufacturing and are not
limited to positioning equipment for specific processing procedures. Their
highly flexible characteristics enable them to bring their accuracy and
reproducibility into a variety of processing procedures. RAC-Coon has two
robotic workcells at its disposal: the first is located in the Robot Cell and
contains two KUKA KR300 industrial robots mounted on linear axes; there
are also two HIWIN robots mounted on mobile platforms beside the KUKA
robot workcell.

IHHARE 28 LIREE NEk:E A - HESER RA620-1739 - BHE
80cm BEIXKE - o BEHEBRBARTZEAREAI - RESEMF B EMS
FARZINEESZIEM -

RAC-Coon has two HIWIN RA620 6-axis industrial robots mounted on

80cm-wide movable bases. They can be relocated both outdoors and
indoors, providing robotic solutions for flexible usage scenarios.

W =B TR Em e KUKA KR300 N# TR A - W2 RN MR E
F - SNERBREANZZRHER  JEREREFASLZE - S tHEMHNEBERM
MaR ARSLEBWEFEBRERBIENTEN - B IHEA IS EE
300kgf - RimEE D= 2.5M/s - BEREZ Bl - KRR - B2 - TFE -
MEETE - mXMBERA TSR - FEREEAS - SEASRKRER LK
HANERER - BHLZHERStEREAN  LETESR -

RAC-Coon has two KUKA 6-axis industrial robots installed on two linear rails,
which are enclosed by safety fences to ensure the operators’ safety. The linear
rails enlarge the robots' work envelope. Also, these two robots are configured
and calibrated to work both independently and collaboratively. The KUKA
robots in RAC-Coon have a payload of 300kgf and a terminal velocity of 2.5M/s,
which are with considerable potential hazards. If you need to use the industrial
robots for a course, program, workshop, research, or essay, please consult
the workspace managers. They would assist in evaluating your project and
scheduling the robots depending on their availability.

120¢ Uo0D-Ovd NMON
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HFUEETHRBRABEERK
REFETERREREAMRI - AT
RAMBEAEEZELATE &
WTRAMBERZIE - BFEGHE
FEIBISFIME RENIRBISIETRR
B WimRb AR EEIER ST
KIEWME  SESUMRESHEE
ENMIRERE -  THRERAER
REEDEERITEZ MBS
Az FEENEFERMAR BRF B
EHERRERNAIEE - Professor Tay-Sheng Jeng

[ ARRER BRI E

| Dean of NCKU CPD]

HIaE HR B RE B
Professor Yi-Husan Tu Associate Professor Yang-Ting Shen
[ BIEETHRTR | CEO] [ BB ETHEIITER | Vice CEQ]

RSB L1y k i
Chia-Ching Yen Cheng Fang-Che
[ B &S THHAIE | Manager] [ U EE TR | Manager]

FRAEM L=
Zu-Lin Chang Shih-Hao Liao

[BIEETHEES | Administrator ] [ B ETHHE LIRS | PhD Student ]

RAC-Coon is established during the
term of professor Jeng, Tay-Sheng,
dean of CPD, NCKU. The CEO of RAC-
Coon is professor Tu, Yi-Hsuan, chair
of the department of architecture. Vice
CEO is associate professor Shen,
Yang-Ting. Associate professor Chien,
Sheng-Fen, and assistant professor Lin,
Hsuan-Cheng are invited as consultants.
There are also two managers, Yen,

RBEZS B
Associate Professor Sheng-Fen Chien
[ B EE TR | Consultant ]

BmRE
Wei-Ting Hsaio
[ EUEETHEIES | Administrator ]

RINE
Jie-Rui Wu
[ B &S TR AL | Graduate Student ]

Chia-Ching, and Cheng, Fang-Che, and
many graduate students involved in the
research and development projects.
Besides organizing new interdisciplinary
courses for the college, the members of
RAC-Coon shoulder the most important
role of driving the digital transformation
of the architectural industry led by
NCKU.

MEF R BIBHIE
Assistant Professor Hsuan-Cheng Lin
[ &S TR | Consultant ]

Yi- Chun Wu
[BUEETHEES | Administrator ]

HFRE
Shiu-Jia Shuo

[ IS TR AL | Graduate Student ]
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MIBE

BIEE | BHEE

wiEs | IRE
RE | BT | BER

Wave Eaves

Wave Eaves @R G A M B SHABMA A EMEEE
YY) WEEREW T B REREEHRE -

BUERIBE DM 3 FEEL 55 1 PEERATZER - 55 2 IBER
BEES £ 3MRBRAEEAE - $5H Grasshopper
&EC Kangaroo MBS I ZEBHASIREEESAY

Wave Eaves is a hyperbolic-paraboloid-shaped
reciprocal frame structure assembled with the
assistance of robots.

There are three steps for the process: forming
finding, virtual-physical integration, and robotic
assembly. The designers use the physic
engine of GH, Kangaroo, to find the initial
form, and the reciprocal frame is then defined
accordingly. Finally, the geometrical model,
which takes the dimensions of physical lumbers
into consideration, is generated with the help

Yang-Ting Shen

Wei-Ting Hsaio | Chia-Ching Yen

Yan-Fu Lin | Shun-Yu Wang
Meng-Lun Tu | Bo-Yu Gong | Yu-Lin Hsiao

ERZENBESRERFITERSHEN SN EGEDS
EMERBHE  TEBBABRAMELETERN
SEHEB LR EMNLERBEREMFENEREM
BUHURHARBHETHIEREUERBSNAEE -

of parametrical tools. While fabricating the
pavilion, the team utilizes robots as a spatial
positioning system to produce and assemble
lumber components without fixtures.

120¢ Uo0D-Ovd NMON
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HIE | BRRE

WS | EIS | EEM | BER
HEIB | BEE | EE) | SHE

Saddle Pavillion

Yi-Hsuan Tu ~ Chia-Ching Yen

Yi-Teng Lin | Shou-Yuan Pan | Zu-Lin Chang | Chun-Li Chen

Yu-Yang Fang | Che-Yen Guo | Chih-Hong Yen | Ying-Ru Zhuo

ARETZEBERBUAMBEABER  AAMBER
B - SR FC AR R ERE AN
MEFRERRE - BXASMMYE P 120 E
ELABEEE  BRELGHEEBRNENR— 120 Z#
FEE2ELN HEZRASIEEENBREE
HZ=8X# SAE=-EAHERERZIFER -

This project focus on the timber construction
of curved surfaces. As lumber is a straight-line
material, the team choose hyperbolic paraboloid
as the initial form, which can be defined by
translating and rotating straight lines. The HP
surface is first split with a 120-degree circular
sector, then the part is mirrored along its edge
to form a 120-degree rotational symmetry form.
The intersections among the surfaces become
the primary arcs that transmit the force down to

HA T AN 5 DA [0 32 88 2 RHTIRAB A - EHBEREIHBIR
ERZITREBRPE - RSB FERARBEH AN EE
BEARBZEZR -

the foundation. There are also three secondary
arcs that define the boundary of the form. The
surfaces are comprised of intersecting timber
beams from two directions, and the primary and
secondary arcs are composed of various length
polylines. In this project, the team will use
robots to precisely fabricate the various joinery
on the beams.

120¢ Uo0D-Ovd NMON



MIGRE | BRE Yang-Ting She | Chia-Ching Yen

. s o BB ERESHEM . . . Dai Yu Ze Architecture office
armAuEEREEHES Taichung Fude Temple Construction Project
SRE Jie-Rui Wu

120¢ Uo0D-OVd NMON

AP EEBAHE-RE[EMFETAUL
EPUE—FBRARRIF 40 BARSENER
ITEX FEABMFER CREEVINIA
3 - RIFKRERER - MAERNRETLRE -
WER LTRERR EHEINENREE - MRE
IR ARTIE ERE B RBRFLHMAINE R

Taichung Fude Temple Construction is a project
that brings robots to the construction site,
pushing the progress in industry 4.0 and human-
machine collaboration. The robot with a hot-
wire cutter produces foam blocks that replace
conventional wood formwork for concrete. The
hot-wire foam cutting can fabricate curved
geometry, and this overcomes the shortcoming
of conventional formwork which approximate
curved surfaces with flat boards. Also, this
method will mitigate the labor shortage in
construction sites by automating the fabrication

RENRE ; IWMESEREENER - BRT
IR SR TR TIRR WA S EREBRIEIRIE
BRIV TR S, MILERAIHSSEEIRE
WAMNERIEZERMFEEREATRREER
=46 MBI FRIEESHAEEBES RN
AL IERERHRARINE -

of formwork, which was a tedious task. The
curved wall and openings for votive lamps make
this project a good entry point for the robot in
construction, where it could precisely fabricate
foam blocks of the desired form.

120¢ Uo0D-Ovd NMON
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Bio-Architecture Formosana

BRRE

-w

. Chia-Ching Yen
Timber Flow
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—@,ﬁinﬁﬁﬂéﬁ L?ﬁ;ﬁﬂi%i‘%
BFMIEE - B2URAE
ﬁﬂﬁtﬁ%/\ﬁw,%éﬁﬁ
SiEEHEEER -
c BRHNZE EEm%mﬂAﬁE
AR A EER
BEENRAAERRBRAHL -
58 58 P AEE A R AR AR O SRS

BA(E - BHARZFE - B0

T%EE?W‘T%TEKWE’JE—&FF“ l
EZIEE@z%ﬁl?@%ﬁxﬂtﬂiﬂﬁﬂﬁﬁﬁ% °
BEIIRESEL

Timber Flow

%EU%E\- F”“%D/J
E.’uz:ﬂﬁ’]iﬁ’, DXETEmTIEI':HT
b Ffﬁ‘ﬁaaﬂEDE}Zi&E’JliE At - B
ifﬂ% 81 CNC #5754 - EMHEZ
- BBEE I - Timber Flow 25t

BENBNIRE -

ETHRAR %EI:’EFEJ
E'*JTET—IE

VPR ES A ES:3 Jr*l] LENEY -

1. Robot pick up a lumber

from the workpiece rack.

3. The fixed drilling station
help robot to drill holes on
the lumber.

Following the coming industry 5.0, it is a
nonreversible trend that workers will adapt to
work with the intelligent machine. Therefore, the
interaction of the robot with the worker could be
the advanced demonstration of human-machine
collaboration. Though the current operation and
speed of the industrial robots are only suitable
for industrial purposes, it is necessary to find
the collaboration possibility from the perspective
of a human. To achieve this target, we need
to develop diverse ways of real-time robot
control, and improve the offline programming

2. The lumber goes through
table saw twice to get its
bothends cut.

4. The robot brings the
lumber to the assembly
position.

of industrial robots. This research displayed
a set of artistic performances of robot-human
dancing based on the research of human-
machine collaboration. It combines the real-time
or non-real-time interaction between humans
and robots. Such collaboration displayed a
customizable, synchronized, intelligent, and
innovative way of creating technological art,
which can be further used in the application
of human-machine collaboration in other
industries.

120¢ Uo0D-Ovd NMON
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BRARCTIHSEA - BETR40800ED - B
T ANBERESEHGZ KT FRBREEREATY
B - FIEAEMFEESERREE TN
AR LUERB A RIIERE - EE BRI
FENEHNEEEBARTERER - BREK
LR S FAVTIEEY - AT KL R L IHBIE
WogEt  RYERE—BRE  FTERREZIK

MBE | e

Bz | FRE | HEX | ZEE

CEERR | BER | b

(B F BRI EREN R R S = - I BREHRS
TEEEFIFERQRREL S - RFFTERL—
EDAK BRI AERN AL ER K EBIA
RIS - 0SB B F B R R BN IS S IR BN IR A B
BEHLN - ABBEMEER—EBRER
£~ BEE - BRMEMNAIFHBZRAIFES - Em
PTEERIZEXENARBEER -

National intercollegiate athletic games

Following the coming industry 4.0, it is a
nonreversible trend to show the process of
workers adapting to work with the intelligent
machine. Therefore, the interaction of the
robot with the worker could be the advanced
demonstration of human-machine collaboration.
Even though the current operation and
speed of the manipulator are only suitable
for industrial purposes, it is necessary to find
the collaboration possibility starting from the
perspective of human demands. To achieve this
target, we need to develop the external real-
time control method for more diverse robots

Yang-Ting Shen | Jung-Yi Hung

Shih-Hao Liao | Jia-Shuo Shiu
Ying-Wen Lin | Cheng-Ru Li

Wei-Yu Chen | Wei-Ting Hung

and break the offline programming method of
the traditional industrial robots. This research
displayed a set of artistic creations of human-
machine dance based on the research of
human-machine collaboration, and links the
control method for the real-time or non-real-
time interaction of humans and manipulators.
The research on human-machine collaboration
displayed a customized, synchronized,
intelligent and innovative mode of technological
art , which can be further used in the application
of human-machine collaboration in each
industry.
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Robotic Reflection Drawing

When robots meet art, it will trigger
unprecedented sparks between artists and
engineers. The robot drawing workshop
introduced a process to convert camera images
to robot-drawn graphics. The initial image was
captured by a webcam, then processed by
parametrical tools to generate the tool path for
the robot. The robot draws grid lines on paper,
and the stroke weight varies depending on the

Yang-Ting Shen

Jia-Shuo Hsu
¢
4
[
e
CE
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lightness value of the pixels. This process has
thus created a physical presentation of virtual
parameters. This method can also be found
in other digital fabrication cases, indicating
we should always understand the operation
of hardware to be able to integrate it with the
software.

120¢ Uo0D-Ovd NMON



120¢ Uo0D-OVd NMON

BERBARB RS

ERERRKRENBE EHREBAYREER

B AR SRR R

Has NBIEZ 4 (ROS) ARG IE (HMC) B9&
B BRR YRET B MR ARBHEERNR
KRB - ATRRIZALL - ARNEEBGHAES
RETHAR - MSHBETMBEEMBEATE
A o

RERL 7T —RERKREBNYEE R ENERE
RERE £RESEMBEENETERERER

WHE | EEE | BRR

, EARMR - ERAIREZENER T B2
FERE - RBRE-—EHRHEATE BHA
KUKA T2 a3 AWM F LR ER B RS AR
—ieEA - UFIRECERINEVA R A BV E T
DRBRFAFENGEE B8 EZETERAER
BENEERB[ARMUARNOES -

Autonomous Robotic Recognition System
Object Recognition And User Interface Design

For Vision-Based Autonomous Robotic Grasping

Point Detwrmination

The integration of Robot Operating System
(ROS) with Human-Machine Collaboration
(HMC) currently represents the future tendency
toward Autonomous Robotic In-Situ Assembly
on Construction Sites. In comparison with
the industrial environment, construction
sites nowadays are extremely complex and
unpredictable, due to the different building
components and customized design.

This paper presents a visual-based object
recognition method and user interface enabling

Fang-Che Cheng
| Chia-Chin Yen
| Tay-Sheng Jeng

on-site robot arms to autonomously handle
building components, to build specific designs
without the influence of material, shape,
and environment. The implementation is
an object recognition approach that serves
with KUKA industrial robotic manipulator
along with an RGB-depth stereo camera in
an eye-in-hand configuration to grasp and
manipulate found elements to build the desired
structure. Opportunities for using vision-
based autonomous robotic in-situ assembly on
construction sites are reviewed.
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B AEEZ KU E L | Year Four Studio Pavilion
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Pneumatic grippers and HIWIN electric
grippers are the earliest sets of end-
effectors at RAC-Coon. They are mainly
used as training end-effectors for the
robotic brick assembly workshops.

3D BUENAY LR A ERE T HEE -
BN RERFRIEFRET RN - BEUE
EIHE—RHRENEBETIEE -

The 3D-printed HIWIN robot drawing
tool is the first in-house end-effector at
RAC-Coon, which was designed and
manufactured by the graduate student,
Chia-Shuo Hsu.

FRER 5= B AT P B9 SORU AT 2T R0 3D BUEN
BHTHER - T2ERE KUKA FB
AR B RERN T BIENRE -

The 3d-printing extruder for KUKA
robots is developed and tested by the
RAC-Coon manager, Chia-Ching Yen. A
metal 3d-printing extruder would also be
developed in the future.

RAC-Coon not only cooperates with the off-
campus suppliers but also assists students to
develop in-house end-effectors for the projects.
Currently, RAC-Coon owns seven end-effectors
for various research or fabrication purposes
and would keep actively developing different
equipment to tackle the new challenges.

BERREEYZIZMELIEE  BRE
PRFASE - WAt 2020 FIETSHLE —HIRIAT
SR REEABORATLRERS -

The hot-wire cutter for foam cutting was
developed by Chia-Ching Yen at the end
of 2020 as the phase 1 R&D of the Fu-
De Temple project. It is contracted to
be used in the construction project next
year.

B R TR A BRSNS {FF S A0H
RABRAN  AESMAKEEA 2B
fic

The exchangeable robotic woodworking
tools were developed by the Ph.D.
student of NCKU Industrial Design
Department, Chun-Li Chen. The wood
router with mounting components is
shown in the right pic.

REGHEHRDERASIFIBENEH -
BRiBAMRESRIAHTIRARBEAR
YRR ST -

The spindle is a product from Tongtai
Machine & Tool Co. and was used in
the robotic wood milling research by the
graduate student, Lien-Kai Huang .

WS AE B AT B ) 1O M8 A & B A B0
% WCE¥EREE LS B
f -

The graduate student, Wei-Ting Hsiao is
devoted to robotic rod bending research,
and managed to develop the rod bending
tools in half a year.
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Create Hrb

Create Hrb O] L #& KUKA|prc &8 1 B
EEEIR FIRENFEEBNERE
- EEIREHFENRGIREET S
2 5E KUKAprc o -

Create Hrb is a Grasshopper plugin that
translate the KUKA-robot-language files
generated by KUKA|prc into the file format
for HIWIN robots, allowing the workflow for
HIWIN robots to be integrated into KUKA|prc.

H

f& | Space
& | Safety
& i | Registered Project

B 4EH+ )CH

_%C_
=& 727 | Qualification Procedure

KUKA 7 @tz A | KUKA 7-AXIS ROBOT
HIWIN 6 #fi#&%zs A | HIWIN 6-AXIS ROBOT
3 & CNC| 3-AXIS CNC ROUTER

ERTERE | EmBE
Full scale architecture / Product
fabrication.

FRERRENERESR A
Developing fabrication-informed
computational design methods.

HAUREN T Rt

Make digital fabrication more accessible.
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2020.08.24 - 29

Participants : 40

Departments: NCKU Architecture Research Institute,
Civil Engineering Research Institute, Resource
Engineering Research Institute, Mechanical
Engineering Research Institute, Dai Yuze Architects

Through the application of industrial robot in
architecture, digital data and physical materials could
interact more closely. Conventional architectural
knowledge and construction techniques could
therefore continue evolving in the digital era.

The workshop introduces the fundamentals
of robotics and the workflow from design to
manufacturing. Participants operated the robot to
build their robotic brickwork projects. In this way, the
students could understand the advantages, potential,
and limitations of industrial robots, exploring the
opportunity to adopt robots in their future projects.

2021.04.02 - 05

AR EIRE - BXE

SHEBEE 20 A

Instructors : Hsiao Wei-Ting & Chap Jos-Hsuan
Participants : 20

DA R R B RIR FBIE 24t - RENEE
REAMRBRRME T RMmAENNEN - EEBERE
EEM BRI ERRBBURAR P —EEER
1 - BBREM KA P EACHIR AR KB ERE
AR R E B O RR AR FHEN T DK IEHIAER
HiSE

This workshop introduces material-driven
structure design, demonstrating a robust case
of the contemporary material application in
architecture. This process has made material back
to be a significant part of computational design.
By digitalizing the understanding and manipulation
of material, material returns to be a controllable
factor of architecture design.

2021.01.10

A FFRTE
SEBEE 20 A
Instructor : Hsu Jia-Shuo
Participants : 20

KBEARGEEZETGRATHTER B
BRSHERIANVFEABEGEL  SEHY
FENEREY  LUREER/RBETHN
DT TTRAE RBLAL 7 F B EE ARSI - It
HRPERGRERFENTNL - BBGES
rHMNEMB(ESRE PRREMAZE - B
IR ERSHARBNYY -

The robot drawing workshop introduced a
process to convert camera images to robot-
drawn graphics. The initial image was
captured by a webcam, then processed by
parametrical tools to generate the tool path for
the robot. The robot draw grid lines on paper,
and the stroke weight varies depending on the
lightness value of the pixels. This process has
thus created a physical presentation of virtual
parameters.
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% V7 A T (NCKU) BB ERE MBS | TAI Architect & Associates
B 17 A IR AR B BiRe 5122 | College of planning and Design, NCKU SREBREZEED | Che Fu Chang Architect
FEENRENHEEE | NCKU Architecture Foundation NS R EEEMEB # PR | Bio-Architecture Formosana

B Y7 AR IR RSB EEE £

FIRRERMOBRAE | HIWIN Technologies Corp.

BIEEKMHBRAE | Tongtai machine & tool co,, Itd.

BN BRELE BHTELE
=% nckuraccoon@gmail.com
HME NCKU RAC-Coon

&5 1 06-2757575 # 54107

Contact : Manager Chia-Ching Yen / Fang-Che Cheng
E-Mail : nckuraccoon@gmail.com

Facebook:NCKU RAC-Coon

Phone : 06-2757575 # 54107
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