Tutors: Prof. Huang Weixin, huangwx@tsinghua.edu.cn
Team: Chia Hui Yen, Ren Tian Ye, Hu Yao, Xia An Qi
Contributions: Concept 70%, Structure design and optimization 100%

Design optimization: Network

_Light-weight Interactive Light & Art Installation, group project
December 2022

Introduction

Located in Wangjing, Chaoyang District, Beijing, within the Vanke Times Center, the surrounding area boasts modern architecture and a bustling commercial
district, including office spaces, shopping malls, and hotels. Moreover, Wangjing is also one of Beijing’s cultural and creative hubs, attracting many young de-
signers, artists, and entrepreneurs.

Our objective is to design a landscape installation for the central square of Vanke Times Center. The square is enclosed by five-story buildings, creating an en-
closed courtyard-style central plaza.
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The site map included the brief funtions of surrounding:

The square serves as a vital gathering, leisure, and ac-
tivity space for the surrounding community. With the
objective of landscape installation design, we can fully
leverage the modern and cutting-edge atmosphere and
vitality of this location. Our aim is to create a large-scale
interactive game that engages people proactively, using
uniquely designed spatial art installations. These instal-
lations will entice participants to interact with the game,
receive feedback from the installations, and encourage
them to capture and share their experiences on social
media. This will attract more people to visit the square,
as the installations are projected into the virtual world of
the internet. Ultimately, this design will infuse the square
with vibrancy and charm, stimulating commercial activity
and enhancing the overall ambiance.



NETWORK

Design Concept: Interactive design of installation

The design of the installation is divided into decorative and interactive components. The interactive design features a main network structure constructed with weaving techniques, along with
other woven accessories. Participants can interact with the accessories at the ends, and the light is then transmitted to the main network.

flects the sound waves of the stage.

I 1
1 1
1 1
! 1
1 [
1 [
! 1
! . 1 . .
I Side-stages on the balco- ' Interactive Mode: The light swiftly travels along the weav-
C nies of building around i ing Lmes from the starting point to the center. The light part}cles
i ! remain dormant at the terminal line until there are 200 particles,
o mUrmmmmmEEEEEEEEEEE e e *® then they burst outwards from the center like fireworks made of
1 light.
1
Puppet, sub-interac- Midnight Mode: The aperture floats in the
tive end midst of the night, and the lights flicker like a
breathing motion, sometimes bright and some-
. times dim.
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
] Standby Mode: Randomly emits scattered
1 star-like lights on the main grid.
1
1
1
1
1
1
1
1
1
1
: Interactive Wall, sub-in-
i teractive end
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 . .
' Main Stage Performance Stage Mode: The light re-
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
[

Design of Sub-Interactive Ends

MUOML3N

1. Imitation Show

Imitate dance movements and illuminate
the little figure! The figure is suspended
among the trees on either side of the court-
yard. By controlling the hanging points of
its joints, the limbs of the figure can be ar-
ranged into different dance poses. If you
imitate the figure’s movements correctly,
you will receive a photo opportunity and a
light dot will merge into the main network.

2. Woven Chords

How can woven chords
produce sound? It turns
out to be an electric guitar!
Strum the strings of this
giant guitar and create a
folk melody unique to this
evening. The guitar will
generate light dots that
change with the sound.

3. Microphone

Want to sing a song to-
gether in the courtyard?
Come to the balcony and
find  the  microphone!
Your voice will be trans-
formed into light signals
and transmitted to the
main network through an-
chor points on the walls.

4, Graffiti Wall

By waving your hand in
front of the graffiti wall,
light dots on the wall will
following the direction of
your hand movements.
Eventually, these light dots
will converge along con-
necting lines and trans-
fered to the main network.



Midnight Mode: The aperture
floats in the midst of the night,
and the lights flicker like a
breathing motion, sometimes
bright and sometimes dim.

Operate from 12.00am to 7.00am

Midnight Mode: Performance mode

Midnight Mode: Performance mode

Midnight Mode: Performance mode
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(4) Structure and Details Refinement y

Regenerate Weaving Grid

Structure optimization:
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Saddle surfaces, characterized by negative Gaussian curvature, are advan-
tageous in anticlastic forming due to their unique properties. These sur-
faces enhance structural integrity, distribute stress efficiently, and allow
for material-efficient designs. The Gaussian curvature formula for a saddle
surface (K) is given by:

This formula helps analyze and utilize the negative curvature, contributing
to the creation of visually appealing and structurally robust forms in vari-
ous design and engineering applications.

Basic form idea:

Ideal form:

(2) Form Principle: Form finding & Structure Simulation

The main design of the structural design is based on the prototype of the woven struc-
ture generation technique using grid reconstruction algorithms, achieving large-scale
freeform curved surfaces.

Try several type to test out the signifincant factor that affecting structure performance
in order to apply it in the Multi-objective optimization later.

Factors affecting structure performance:

1) By utilizing the mechanical characteristics of saddle surfaces combined with ten-
sioned membrane forms, the basic form is determined according to spatial functional
requirements.

2) Adjustments are made to the positioning of anchor points and additional bracing
elements to achieve a more evenly distributed stress distribution and strengthen the
anchor points.

3) Material selection, grid pattern developement, and cross-sectional dimensions of
the members are adjusted.
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Test and reletive Disp.

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6

Test 3

Adding arch as
support and en-
trance

—
Sunken
void
Max disp.: 385m Max disp.: 1.213m Max disp.: 1.075m
Factors affecting performance:
{'Begin base mesh from concept Y {7(1) number of support Y {(2) movement z of support points '
Test 4 Test 5 Adjust hanging Test 6 » »
position to reduce Hanging weight on flat
displacement structure (pulling force),
create anticlastic surface
e e
Max disp.: 1.09Im Max disp.: 1.176m Max disp..0.484m
: (3) number of sub-support points : : (4) movement z of support points : : (5) hanging load on mesh :
Test7 Test 8 Test 9

Max disp.: 1.540m Max disp.: 1.160m

Max disp.: 0.390m

:: (6) Cross section of elements is affecting structure performance :




(3) Multi-Objective Optimization

Design Optimization by Multi-Objective Optimization. Split the
process to three part, with different iteration times. Splitting parts
to save iteration time spent, giving particular part more iteration
round, more accurate result, and provide manual adjustment be-
tween process.

Process using Wallacei'.

Part 1: Form finding Part 2: Grid finding Part 3: Materialization

Geo: mesh = Geo: curves = Geo: mesh
iteration: 300 i iteration: 100 i iteration: 50
total time: 20 min ! total time: 20 min ! total time: 20 min

1 1
Manual Adjust Manual Adjust
less time spent, total iteration time: 01:17:54

higher flexibility, manually adjustment in the middle
higher accuracy, more iteration round at every part of optimization

**FO: Fitness Objective, FV: Fitness Value, G: Gene

Part 1: Form finding

Pareto front solution:
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(4) Structure and Details Refinement

From optimizing the mesh pattern, make sure the main support is continuous

Refinement 1.
Modified original mesh
to create continuous key

beam

Mesh refinement:
Original:

Max disp.: 0.476m

Refinement 2:

Modified mesh

and generate

rope to hang
mesh

0.0m 1.0m
Displacement

Final refinement:
Go through refienment of the structure based

on the optimization result of part 2 and part 3

1 Reinforce anchor
point and combine
with relevant func-
tions

Refinement 2:

Ve Select

2 Reinforce selected key
beams with varient thickness

Key beam of the main
support at saddle surface
is thicken to hv stronger
support

T

4 Reinforce anchor point at the top
of the struture

5 Add anchor points to disperse force

Section A-A

Top view

Section B-B

Main stage




