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raffiti Wall
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#2&t# / Designers
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Window gratings were once a ubiquitous sight in
Taiwan. Starting around the 1950s, homeowners
began installing stylized metal barriers in front of
their home windows to keep out thieves. But window
gratings soon became more than a theft-deterrent.
They turned into elaborate art that reflected the
tastes and interests of those who commissioned them.
Today the theft-deterrent function of the window
gratings gradually shifts into a home concept. We
use window gratings as a design concept, using the
totem element of the window gratings as the main
modeling unit of this installation. Arrange all the units
to create a fascinating visual effect through discrete
design. The production method of Pattern Light
renovates the creation and vocabulary of traditional
window gratings in a digital manufacturing method.

AABHRE RN ED T FERIETHEA
EBETNHUREST
Using self-made pneumatic grippers and

stepper motors to achieve a digital process
method for robotic metal bending
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25t / Designers

BB | Bias spston :
AY A L / NCKU Design Center
Hsiao, Wei-Ting | Wy, Yi-Chun I = i/ '9

ERAART | iR
| EE=E0 / Advisors Kung, Po-Ming | Yu, Chieh
BRF | M5 R
Jeng, Tay-Sheng | Shen, Yang-Ting i
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B5E | FXRE
Cheng, Fang-Che | Hsu, Jia-Shuo
BR/DEE | =R

Chen, Shao-Hua | Yeh, Kuan-Yu
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s | EE | E1hE

Kuo, Chien-Kai | Fu, Cheng-Wen | Wong, Pak-Hei
EPERAR | 2253k | F1ET

Zheng, Chong-Ming | Lee, Yi-Xuan | Lee, Zhi-Yuan

5= EEM / Advisors

MIGRE | BERE NBE R
Shen, Yang-Ting | Yen, Chia-Ching
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T35 | 2kl | AR
Wang, Mi-Chi | Huang, Lien-Kai | Gao, You-Min
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Milling results

!ﬂﬁ]%&%ﬂﬂ - HMERS BN EERREmEIFRE
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% B-EBHNSEEREBABNRENRE - MURLT
BETRNERRE - REtBREPUAUENEL - &
TERIXBNEL - EREaMEBREE -

In this design, we use a parameterized tree structure
to bend into the surrounding trees. In addition,
a clear geometric boundary is used to imply the
campus visual axis.

The form finding based on the relationship between
the surrounding environment. The relationship
between spaces creates a path to connect the virtual
space of the campus.The spatial relationship formed
by the work. The height of each level is based on the
scale of the human body and the field of view, and
also the spatial feeling formed by the walking path.
The change of the column position in the design
process.The units supported by each column was
considered.Define the patio and the path of the
experience.
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THREE BRANCHES

Middle -Top Joints

TWO BRANCHES
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DOVETAIL JOINT
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CROSS HAIVED JOINT
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The size of the material is determined by
stability and component bonding, the
length of the components is determined
by the processing limitations of the
robots, and the stability of the unit.
The B-M layers branches will be 1 to
3 from the bottom to the top, and the
angle between the branches of the M
layer must bigger than 90 degrees. To
assemble with the robots, the dovetail
tenon is wide upper and narrow lower.
The M-T layers will be 1 to 2 branches,
and the position control of the T-layer
lap joint will conform to the z-axis axis
of the M-layer, and the cross-half lap
joint is used at the junction.
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&% / Designers

AR | ERE

Hsu, Jia-Shuo | Wang, Mi-chi
5B 0 / Advisor

i RE
Shen, Yang-Ting
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Tracking skeleton information and
converting it into robot motion in time
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ntegration Workflow
R FEWpEEE T TAERARBUREGRS

#&&t#& / Designer
BIRE

Hsiao, Wei-Ting
IEEEET / Advisors

MR | AR
Shen, Yang-Ting | Yen, Chia-Chin
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® Kuka_pre (process L + process 2)

pracess 2

I & ROS |

process 1

@ Kuka_prc
pl

pé p3

%%%&Eﬂ%’fﬁ%%ﬂ&?%?ﬁ%ﬁﬁ@%%?ﬁiﬁiEEbﬂ:%ﬁ
BTE - IR E BB EGEE (Discrete Design) %k
BN E - BRI ETE (Aggregation) ALY 018 5
B  TEHSHEBSHATBINTEREMN
B RSN RIS S EITE M T BN IRRE
REEEEHBEMAEEZL (ROS System) StEER
SHRAERREK - SR 85 AR=EREMA B
{ERBENRTE -

This research synchronizes a robotic arm and a
bending machine to develop metal the rod bending
and automated-assembly methods. There are

three stages including design, fabrication, and
assembly. In the design stage, the discrete design

movelt.rvize - RViZ

= base on Grasshopper is used to generate adaptable

FaewCmen (Liser & = &

el

components through aggregated components, they

Lopie

are composed to the complex wall structures. During
the fabrication stage, Grasshopper with KUKA|PRC
is used to analyze the relationship of components
and genetate the fabrication path of the robotic arm.
Finally, inlof thelassgmbly stage, the ROS (Robot
Operatind Systern) compiles the assembly path to
drive the ahto-,ass{embily of robot arm.

Jecute Sart State: Velocty Scaling: 0.10 1+
<curent - ccel. Scaling: 0.10
Gool State:
<current> -

Use Cartesian Peth
Collision-aware IK
Approx IK Solutions.
External Comm.
Replaaning

Senor Positioning

zraints.
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#2&t# / Designers

SRAEM | 252E | T ES

Chang, Zu-Lin | Zhuo, Ying-Ru | Fang, Yu-Yang
BRIZH] | ERESDL | ZREERE

Chen, Chun-Li | Yen, Chih-Hung | Kuo, Che-Yen
EBEIS |5 B

Pan, Shou-yen | YI, TENG

Facade
188 M / Advisors

HIRE | BREE

Tu, Yi-Hsuan | Yen, Chia-Chin

RENEUE / Assistants

=l | 8RB | MR

Huang, Lien-Kai | Tseng, Chung-Yu | Lin, Hung-Yun
BRI | 2R | RIERE

Chen, Wen-Zhen | Wy, Yu-Ting | Chang, Chih Ling

Top View
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Introduction video

FRETZEERBUAMBEBESE - AAMBEREM
i BRETERT SN R BB NN R EES
BRFE - SEREMMME PR 120 EE OB
BED - BREGHEBRIEN— 120 EBEHE SR
HEZRARTETHENBREEME 2 =BEFH 55
—ERIRERERZIINRER - HEAFMUMORBEZA
Mg AL - EHERMMUARSERZITARIE - BRFE
RRIEESHIAM S ERERR 2 EEH -

The theme of design is to construct a curved
surface with wood. Since wood is a linear material,
a hyperbolic paraboloid, which can be formed by
straight lines with gradient slopes, is chosen as the
development prototype. First, a part is extracted
from the midpoint of the hyperbolic paraboloid with
a central angle of 120 degrees, and then mirrored
along the truncated edge to form a 120-degree
rotationally symmetrical shape. The junction of
the curved surfaces is the three main arches that
support the force path to the ground. Another three
secondary arches define the outer perimeter of the
shape. The curved surface itself is composed of two-
way staggered wooden stringers, and the main arch
and the secondary arch are spliced by folded line
segments of unequal length. The robotic arm is used
to precisely cut the continuous surfaces of various
angles of wood.
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Linear Surface

ERMMFE N MMEETAEER(EMT
Use the six-axis capability of the robotic arm for
"Mass Customization" machining

Tension Parallel to Grain ( with Approx. £ )

Split Surface

Stress (kgfem?)

PRI
strain

Compression Parallel to Grain ( with Approx. € )

Divided Surface

Stress ( kgf/cm? |

Testt
Test2
- - Test3
- Testd

Tests

0015

strain

RENETHEBOWEMRRE SRERAER  ETE
MBS
This pavilion also conducts structural analysis and material

testing, making good use of the resources of the structural group
for cross-disciplinary integration

Simplify Element
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obotic Collaboration
raft Based on Mixed
eality Interaction

SERESARELZ

#&&t#& / Designer
HFRIE

Hsu, Jia-Shuo
IEEEET / Advisor

15 BE
Shen, Yang-Ting




[ Set the Line

Preview the #

Motion of Robot

Robot Preview 8

II%@ME@%%ﬁﬂ&@%W?%@%ZEﬁ~ﬁu
R ARAER N FrTRIERIERATRERSR - WHEE
ARIZBEH - EZARNEFEUBHZCRBNEER
o WAL TEEMER - TIDRARETEFEL N
K TifEIE —EHEREEZ AR - WEB Oculus
Quest 2 & LiR#=s A - ERAESLSRCRESRE
NEG MR VREEER MSABGELIENAREE -
ERFLUEUAEMEHERZARNEESN - BIFE
URREEERTREII = HZAP2RR  BERMWTFE
I BB E AR AR ETARER L -

KRREEE

Positioning stick materials according to line segments
drawn in mixed reality

BT R 2 AR ER AR M AT R E

TERRTURE
Exploded view of gripper
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Build the environmental information in mixed reality, and integrate it with the robotic system immediately

BIEBE

EHFETREUBUA R EE
Operation process

Human-assisted assembly after being positioned through the robot

F?brication
T

Positioning
and yf=
Adsembly
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Windows

Collaborative platform

Rhinoceros / Grasshopper

User interface

Virtual integration system
Oculus Quest2

C# Scripting for Grasshopper
Immersive experience APP
Create model
Space information parameter start
Space model B R T T -q-- --| Layout full-scale space I
\ Integrate environment
Design model -4-~ 'I information
'
H design information
T bepm e =f==--- -| Operate design }’
1
! Integrate model information
KUKAjpre Robot motion data
Program command data
I Plan robots path ]- EEE B e e e PP R - [ Preview the motion of robot ]
H
Program command Yes No
Is correct
C# Scripting for HRSDK (Visual Studio)
Online control system
Publish command HIVIN RAG201739
i Robot
'
1 HRSS
' Run the command Finish
o= --- Activate robot —
A REFEE BIRRIEBE
FMAEE vV BRREBREH
System deployment diagram Actual operation process record

29
RAC-Coon 2022



V / / 4






he Development of Robot-based
abrication Apply to the Reproduction of
hinese Traditional Timber Structure

HFEREEATEHMEBARERANEEZHIR

| #3%fEE /Researchers
MIZEE | T35 | EBRE)
Shen, Yang-Ting | Wang, Mi-Chi | Huang, Lien-Kai
SER | BRE
Gao, You-Min | Yen, Chia-Chin

#sd® / Conference
ACAIA (Association for Computer Aided Design in Architecture)
October 27-29, 2022 | University of Pennsylvania | Philadelphia, PA
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h .ZMF%EP CFERE—EAERGTREAREER
PREEEMAER T BRI AR FERREREY
BR - MEREETHERAEBHNERNRTEURELE
& - 318 BIM it S EE N ABEBHELME
AR . B TUBR U LOEREFLTENRSE
BE - EEEBRENE  HMIEEREA Autodesk
Fusion ] Grasshopper #1T#8s ABIERMTEH -
KUKA #2FBgRBMIER - Bt TEBEES
KRTHEEZ2Y  WRBRSEETOERIENTFI - 81
A ARM BTN B HI A AE G - BRI REREET
HCEHEEWSHARS  BIR#SEARSEPEESR
NEEBPE

This paper proposes a method to digitize
the structure into BIM (building information
modeling) and reproduce it via robot-based
fabrication. By modeling these Dou-gong
components with BIM technologies, we can
establish a geometrical and non-geometrical
3D database. Then we use Autodesk Fusion and
Grasshopper to design the robotic fabrication
information whose information is transferred
from 3D database models. Based on the
fabrication information, including work paths and
tool parameters, the KUKA robotic arm with six
axes can precisely mill the wood materials into
Dou-gong components without any traditional
craftsman’ s processing. The fabrication process
we develop has produced the complete Dou-
gong prototype which demonstrates the potential
of robot-based craft fabrication in Chinese
traditional timber Structures.

DA-DOU

(Label=B_D)

101310 9sou-[[eg]

The sink part ‘The slope part
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he Development of the Intuitive Teaching-based
esign Method for Robot-assisted Fabrication Applied i
o Brick-laying Design and Construction

ERAEBHENRF A ERERABEREZHR

| #%fEE /Researchers
X | LBE | BA5 8
Hsu, Jia-Shuo | Shen, Yang-Ting | Cheng, Fang-Che

Wat® / Conference
HCII (Human-Computer Interaction Interational) - Posters
26 June - 1 July 2022 | Virtual Conference
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The Developmient of the Intuitive Teag

for Robot-assisted Fabrication Applied to B d Constriction

A NEEE
Introduction video

AMRRELE TERESNOEE AW EE A4 - TRAC ( Teaching-based
Robotic Arm Construction ) - EEMFEUREGREEZENBRERER I
W ETEN B IR AN BRI S - IRPNABTMERENERSE . 1.&
VR BB AR AERITHEE FERE ; 2. REHER KIS EE M ET
IR - MIAFFRREEBETHDS KUKA KR300 #4177 24 H58E &
HERIB 7T ERERRENR AR EA B EEBN—BIETERRE -

This paper proposes the TRAC (Teaching-based Robotic Arm Con-
struction) system, which aims to the intuitive robot-assisted bricklaying

process. The goal of this research is to integrate the design-to-build
process and help de-signers to implement robotic-assisted fabrication.

The paper introduces two-staged steps of practice: 1. The teaching-
based design method simulates brick-laying motion in VR to lead the
intuitive design process; 2. The auto-translation from the design result to
the robotic arm bricklaying working path. Finally, the verification of the
system is implemented in the campus workshop via the KUKA robot. The
final brick wall result shows the seamless working process from intu-itive
teaching-based design to robot-assisted build.

A

IRNRIEIRIESE
Immersive operating perspective

I € BERTRACEMNEHREREPTRE
| AR AT BN BB e 2R A ST RIS

| Complete the design of a brick wall
in virtual reality and run the robotic
fabrication immediately through the
TRAC system
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‘lomputational Design
undamentals Workshop

F+AX A

| =% /Speaker
E8%E  Yen, Chia-Chin

I %8 / Assistance
FFRIE  Hsu, Jia-Shuo
FIEE  Hsiao, Wei-Ting

I 28 A% / Participants
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ﬁugmented Reality and the
pplications in Fabrication

REERASHILRARESTRE

FiEE /Speaker
FF&KHE  Hsu, Jia-Shuo
F&3m  Wang, Mi-chi

1Bl / Assistance

EE%  Yeh, Kuan-Yu

281 N\ / Participants
15
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%18 Grasshopper B2 E M #RES Fologram - %ﬁ?ﬁ%@%‘éﬁﬁﬁil
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ITECH Study Abroad
Experience Sharing Session

ITECH B2EBRNZEE

| E£:#E / Speaker
#B&#E  Kuo, Chien-Chun
BEAZ Chen, Peng-An

Robotic Fabrication :
Rod Bending

W BB B T . Ju u .
040

I F:EZE / Speaker
HEIEE  Hsiao, Wei-Ting

I 1#B)) / Assistance
FFRIE  Hsu, Jia-Shuo

| 28278/ Participants Aug. 10/0830 ~ 1730

Pymgn - RhinoScriptSyrtax Discrete Design
10 Aug. 11/0830 ~ 1730

Robatic Fabrication / Red Bending

Aug. 12 /0830 ~ 1730
Teart Work

Wei-Ting,Hsiao

SUMMER ROBOTS &

WORKSHOP COMPUTER
#2 VISION

Robots & Computer Vision
Hes2 A BIERGREB T (ELS

| E£:#E / Speaker
EEEE  Yen, Chia-Chin

I 1#8) / Assistance
FFZRME  Hsu, Jia-Shuo
E%®# Huang, Chu-Hua

I 28 A% / Participants
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KM IFIRIR - WiEB CAD/CAM BB SR 5 B RIERE
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