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CITA - Centre for Information Technology and Architecture

WHAT IS CITA




ROBOTIC FABRICATION CITA




NEW MATERIAL PROCESSES /74
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A CHALLENGE TO MATERIAL PRACTICE

a new relevance ...
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m World population growth, 1750-2100
A, Annual growth rate of the world population
4 World population 2.1%
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WE ARE SITTING ON AN EXPONENTIAL CURVE
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BY 2050, THE WORLD’S URBAN POPULATION 1S EXPECTED TO NEARLY DOUBLE, MAKING
URBANIZATION ONE OF THE TWENTY-FIRST CENTURY’'S MOST TRANSFORMATIVE TRENDS.
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HOW LONG WILL IT LAST?

vhanh .‘
-]
£
o B A
'I P
| " 1 e B o 2 VS B
1 -'rl.i-"hq..‘_ i -
ol s e ot | R R
- ¥ ¥ HOW MARY "_lﬂ lm

B8 wei ¥ OOrmmt ak maad
T TR R
e B

! ke AL
P

i ...II
1l L Bz f -
e — T
- &
- ro 4 -
1
i} "
| ) e,
S ) o
B %
L 4
. HE
|
L &
. e Lr'
| _.:. i o
5 | ] o
= i R
I A i .
| Fima) \:'
i L iy
r SELE
= | #
§
[
IF DEMARD -
4 ety 4
| -
matran )
AniveolE 10T g ] i
L] “il
oo
PR

fﬁfffﬁfff;fffffaff -

woat [ MY
.

g i I T il s
i

PROPORTION OF COMSUMPTION MET
ﬂ' RECYCLED MATERIALS (%)
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OUR RELIANCE ON INDUSTRIALISED FABRICATION HAS FOCUSSED MATERIAL PRACTICE ON

A SUBSET OF VERY SPECIFIC MATERIALS
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WHERE WE FIND OURSELVES DROWNING IN PLASTIC...



..WE ARE RUNNING OUT OF BASIC AGGREGATES AND MINERALS...
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Construction

50%

0%
1964 1974 1984 1994 2004

Mon farming Productivity Index 1964=100% by Paul Teicholz
o c
Construction S/mhr index, 1964 =100% Based on US Department of Commerce Data

Zero Increase in Productivity in Construction Industry
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31% over 64 41% over 64

B80% | Projection

B60% |

EU

40% |

20% |

2000 2010 2020 2030 2040 2050 2060

Population aged 65 years and over, as % of population aged 15-64 soures: PAICAG

Challenge of status quo through Demographic Change
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Three ideas:

- Adaptation
- Hyper optimisations
- Machine Learning



ADAPTATION AS MODELLING PARADIGM
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THE RISE EDF Foundation Paris, Martin Tamke, David Stasiuk, Mette Ramsgaard and Hollie Gibbons
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ISOROPIA veNice BIENNALE 2018 Martin Tamke, Mette Ramsgaard Thomsen, Yuliya Sinke with AFF and Str.ucture
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ISOROPIA: HYBRID STRUCTURES: COMPRESSION AND TENSION




avoiding craft | non industrialized fabrication methods are left behind
for example the english wheel

CITA Masterthesis: MODELLING A COMPLEX FABRICATION SYSTEM. Gabriella Rossi




step 1 | Training the hands - Fabrication parameters
observing a craftsman

CITA Masterthesis: MODELLING A COMPLEX FABRICATION SYSTEM. Gabriella Rossi
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CITA Masterthesis: MODELLING A COMPLEX FABRICATION SYSTEM. Gabriella Rossi
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Robot Faber | english wheel cyberphysical system setup

motion limits
speed

ROBOT =

COMPUTATIONAL MODEL

clesign Information
fabrication information

ARCHITECT L“

intuition
evaluation

—EARTEEmrr

| material properties [d
dimensions

ﬁWSCANNER

CITA Masterthesis: MODELLING A COMPLEX FABRICATION SYSTEM. Gabriella Rossi
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CITA Masterthesis: MODELLING A COMPLEX FABRICATION SYSTEM. Gabriella Rossi
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method results | setup scalability

current robotic setup speculative robotic setup Ui e

CITA Masterthesis: MODELLING A COMPLEX FABRICATION SYSTEM. Gabriella Rossi
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Three Communalities

- Integrated multiscalar modelling practice
- Agency — Automatisation and Machine Intelligence

- Feedback - awareness of Environment
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engineering fabrication

architecture
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THE OPPORTUNITY OF FEEDBACK IN THE DESIGN CHAIN
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ABQUT PARTNERS RESEARCH PROJECTSv TRAINING

\ \

DISSEMINATION NEWS CONTACT

it

INNOCHAIN PROJECT

The InnoChain ETN network is a shared research training environment examining how advances in digital design tools challenge building
culture enabling sustainable, informed and materially smart design solutions. The network aims to train @ new generation of

interdisciplinary researchers with a strong industry focus that can effect real changes in the way we think, design and build our physical
environment.

C/TA



1
]
L]
1
1
1
1
1
1
T
i
1
1
]
]
1
1
T
f

4
l, A
Il, ‘
g BIG
.
’I
e Smith Innovation
P
P
Buro Happold )
Bartlett,” Henn Architects
Fosters&Partners ¢
l’
s
r
e S-Form
[ structure
!
i
i . Angewantg
! rok Design2Production !
'I Bluhmer Lehman
1 I’
1 ’
v I
A I
A 4
A s
LY ra
s
\‘ ,’
IAAC s, P
Cloud 9 “+ e
McNeel “n.___ ,,/

THE INNOCHAIN PARTNERSHIP

g
i

itkeo
CITA

gsac O/

INSTITUTE  OF
ARCHITECTURE

g!g Foster + Partners "I."] ﬂ ] -i -t :__“1
ROK BURCHAPPO
Erwic Mulz-De ENGINEERT

Smith & plumer =
Lehmann
Innovating construction

structure D.

DEBIENTORROBUETION

Rhinaconos

C/TA



'/

[
] all

FOSTER + PARTNERS - STR.UCTURE - 5-FORM -
ARCHITECTURE ENGINEERING FABRICATION
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ESRO8- VIRTUAL PROTOTYPING FRP ESR13- APPLIED ROBOTICS - CONTROLLED MATERIAL
DEPOSITION

STRUCTURE
DEFORMATION

iy

ESRO1- INTEGRATING ISOGEOMETRIC ANALYSIS ESR15 - SMALL SCALE ROBOTIC MANUFACTURING ESRO4- MULTI-CRITERIA OPTIMISATION IN EARLY
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ESR12- MATERIAL GRADIENT FRP ESR10- SIMULATING ROBOTIC FEEDBACK ESRO1- INTEGRATING ISOGEOMETRIC ANALYSIS
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communicating
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ESR 9 - VASILY SITNIKOV / ICE FORMED CONCRETE CASTING

PROJECT DESIGN: APPLIED RESEARCH <--> BASIC RESEARCH
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ESR 2 - TOM SVILANS - ROBOTIC TOOLSET AT CITA AND INDUSTRIAL PARTNERS BLUMER LEHMAN

ACADEMIA - INDUSTRY:

SHARED METHODS AND PRACTICES é% . i CITA



Multi-Scalar Modelling, Schema-Based Workflows and

Search Interfaces for Building Design
Learning and building from the current challenges faced by the AEC industry

Paul Poinet - B.Arch., M.Sc.

InnoChain ETN Network
PhD Candidate - Marie Curie Fellow

Centre for Information Technology and Architecture (CITA)
Primary supervisor: Mette Ramsgaard Thomsen
Secondary supervisor: Martin Tamke

Industrial Partners
Buro Happold (UK} : Al Fisher
Design-to-Production (Switzerland): Fabian Scheurer

- . . > i iiian BUROHAPPOLD
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Academia Industry

The computational “jewelery” The Building Industry
Material specific, seamless design... Element clashes, large diversity of elements/materials...

Louisiana State Sports Hall Of Fame City of Dreams (Zaha Hadid Architects)
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A Bridge Too Far, 2016, CITA ICD/ITKE Research Pavilion 2014-15 French Pavilion at the Expo 2015 Cité Musicale (Shigeru Ban, 2017)

Hybrid Tower, 2014, CITA ICD/ITKE Research Pavilion 2015-16 Louis Vuitton Foundation {Frank Gehry).  Barclays Center (ShoP Architects, 2012)

. . . BURODHAPPOLD
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Academia

Dgq DATA C
Veration ~ XnoN &

1. the generation of data and its classification are high-

ly intertwined and integrated: the generation of data

leads directly to its classification.

2. the user can't or can hardly operate any changes
on the data classification itself, without affecting the
generative design process.

3. hardly sustainable at late design stages.

The “dynamic” DatalTree

Industry

DATA GENERATION

' DATACLASSIFICATON &

1. the generation of data and its classification are in-
dependent from each other: they can be (but are not
necesseraly) intertwined.

2. the user is free to operate classification changes
whenever he wants during the design process. Clas-
sification features (such as names and attributes) can
be introduced/developed/refined before, during and
after the generation of data.

3. proved to be sustainable at late design stages.

.f't:

The “static” LayerTable

29-01-2019 - KADK
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Academia Industry

We have the luxury to have a total control over the The design intent is a fallacy. Design happens through-
design intent across all scales and predict perfectly out the project with the participation of all trades un-
the outcome at early design stages. Integrative design til completion of the building.

workflows can be deployed until all parameters are full-

filled.

USER/
DESIGNER

Inflexibility

Flexibility

/ 4 y

.ff \'\ Develo of Implementation

f \ Modelling 2 Low-level/

| Abstract Methodology: Methodology: High resolution
design space thodology: - Data Structure

\ - Discretization _OOP Design Space

- Obj. definition

Crucial decision making:
From design freedom to design i

“Premature optimization is the root of all evil." (Knuth, 1972)

tnnochnin @@k C/74 ;’@ iz SUROHAPPOLD m

29-01-2019 - KADK
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Early design strategies

Facing the classical “cost-of-change problem”...

...the usual “early design” answer...

...and methods.

PROBLEM OBSERVATION PROPOSED SOLUTION PROPOSED METHODS
The cost of design changes increases  The design effort should be placed at Early design research activies
during the timeline of the project early design stage in the project

HIGH INFLUEMCE,  LOW WELLENCE o .o )
LOW EXPEMDITURE| HIGH EIPENDITURE ",

- early design analysis

- early design decisions

- early design data management
- early design simulations

-

early design optimizations
early design machine learning
early design... ?

CUMULATIVE COST OF PROUECT

Q LEVEL OF INFLUENCE 3

e

|proOECT TIME +——+ -

Paulson's curve (1976) Paulson and MaclLeamy's curve (Davis, 2013)

. . £ . s BUROHAPPOLD
U"\O"'m g; CITA @ sl ENGINEERING m 29-01-2019 - KADK
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We need to tackle the problem from the other end of the spectrum...

Late changes can be ...but they will most probably
prevented... have to be challenged...

-

Cost & Atility to changs

Paulson and Macleamy’s curve (Davis, 2013)

The late stages of large scale and complex architectures remain challenging because it con-
tains a huge amount of intricate data that needs to be communicated and accessed between
different trades and across scales. In the best scenario, this large data set is well organized
through a selectable Directory Structure, or a Layer Table.

BUROHAPPOLD
ENGINEERING - 29-01-2019 - KADK
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State of the art in organizing data

The LayerTable The Tree Directory The IFC Tree Structure
in Rhino3D in Digital Project for BIM
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Investigation of the data structure developed at Design-To-Production

3D Model Corresponding LayerTable Corresponding Directed Acyclic Graph (DAG)

e = o
= ST sk P Tl
= S - Socasl Saten

& S Suppert

* S - S0 o

* S - Shaskcw Maan Boar

* S085 - G Boom Segrert
FHEM . Tl Beam

i TRER Mrims

L LD jmbel gl [ ] 1 0]l (] m [ || mid ] []]]]

. = = frrpen e BURODHAPPOLD
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Comparing the “DNA” of different building models...

Scale: 19 meter high Scale: 12 meter high Scale: 7-8 meter high
Elements: More than 600 CNC-cut timber panels Elements: 730 curved structural segments Elements: 1300 unique timber parts

Ski World-Championship (St. Moritz, Switzerland, 2017) French Expo-Pavilion (Milan, Italy, 2015) Terminal Pavilions Oslo (Oslo, Norway, 2016)
Image Courtesy of Design-To-Production Image Courtesy of Design-To-Production Image Courtesy of Design-To-Production

tnnochnin Mk C/74 @ = ioneine A 29-01-2019 - KADK
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Comparing the “DNA” of different building models...

Embedded Rationality / Pre-rationalization Post-rationalization
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Spheres of knowledge
Comparison between the building model and existing applications in other fields, such as genomics

3D Model's LayerTable plot of the M3 Terminal Pavilion in Oslo Circos plot summarizing the overall patterns of genetic variants (Xiaoyuan Li et al, 2015)

tnnochnin Mk C/74 @ = e 29-01-2019 - KADK
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Extending the design concerns to the external stakeholders?

e input - outpul
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Recurring pattern: the wicked problem of design interoperability
Proposing local solutions for local problems
There are many decentralised and local communication bridges that attempt to overcome the

constantly growing multitude of centralized software solutions. Nevertheless, most of them are
bespoke plugins that use closed protocols, resulting into a fragmented landscape that limits the

interoperability.
. "5y COLLABORATION
DATA .
K o, o= 5 o
e = KUKAprc

an deote
CAPTURE - )
25 ai ®

& \e n FABRICATION

- g 's‘_: B op iR 6 @ @
Q " ENVIRONMENTAL
F oo © O - ah
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I W m e ﬁ @t 2% g“ @ g
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Models should be derived from the database, and not the opposite.

WHAT'S THE POINT OF DYHAMO? JUNE 14, 2017 PAGE 108 W

0 Where should we put model intelligence?
Interoperable platform connections

Data/Model

Inversion e.,
P

At first glance, we are
facing the technical
challenge of migrating
interoperable data sets
through a myriad of
platforms that all
interpret elements
differently.

What may prove to be a
smarter approach is a | |
stable data set through |
which various models | | \
pass through and 3 ]
manipulate. Autodesk’s
concept software
“Project Quantum”
proposes to do just

this.

Brian Ringley, "What's the point of Dynamo?”, June 14, 2017

. . £ o BUROHAPPOLD
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BIM tools

- Excludes non-expert stakeholders

- Enforces complexity
- Difficult to customise

innochnin MY CITA @ I

29-01-2019 - KADK

C/TA



BIM imposes a modelling paradigm as a standard (IFC)

BIM is actually one approach amongst others, its essence being that of a domain specific object oriented mod-
el that one has to embrace in order to meet current required specific standards. Once embraced, just like with
DAG models, operating changes becomes a time consuming effort.

Differing Modeling Paradigms

BIM (e.g., IFC)
Constructive Solid Geometry

Volumetric, parametric primitives
representing the structural
components of bulldings

3D GIS (e.g., CityGML)
Boundary Representation

IntBuildinginstallation

GroundSurface |/ InteriorWallSurface

Accumulation of observable surfaces of
topographic features

M gg CITA @ prumsamse— BUROHAPPOLD

ENGINEERING

{A)BIM model creation

18] Building Topolagy Generation
[Ermeitn the Toamisting Mot ing T aoa gy Appivcatian
I I Ty b i

L —

(C) Building Topology Represantation

e

SRS R S T e

29-01-2019 - KADK
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State of the art, existing approaches to collaborative workflows
Different existing modelling approaches have proven the benefit of enhancing collaborative workflows

Proving Ground research and tools development ZHA BIM collaborative and interoperability workflows
5 "3 | |
i ar Lyl Lyl A== =AW=
- A
| ; W= w2 RN
’ EliA P 5 X B x—AHXH
[re— - [ - [— B it
COHR o g B ¥ = Front's modelling strategy with Elefront
4 ¥ i
e B =
by an el o g Gests gl OB

e T e S

TreeGram's Directory Tree Structures. Shop Architect's software ecosystem

" & piersi—ien BUROHAPPOLD
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SpeckleWorks: an open source AEC protocol and platform

i
y

E =
= =
Woods Bagot's MetaGraph (Ringley & Heumann)

29-01-2019 - KADK
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Open formats

The fact that data must constantly be parametrically linked prevents the possibility to share it in a transparent
way. Open Formats, on the other hand, work well as containers to hierarchize, share and query information.

XML JSON

<Data Set» {
<Data Subsets Data Set: {
<Key> Value </Key> Data Subset: {
<Key> Value </Key> Key: Value,
<Key> Value </Key> Key: Value,
¢</Data Subset» Key: Value
¢/Data Set» }
}
}
tnnochnin Mk C/74 @ = ioneine R 29-01-2019 - KADK
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Using Speckle as a platform to genericize the previous experiments
An extensible Design & AEC data communication protocol and platform.

speckle.
works
API Objects Database / Storage
(verbs, actions) (nouns) (paper)

. . £ o BUROHAPPOLD
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Building Custom Schemas through the Speckle’s API

il DOF ®
w - MNSS - Main Beam Segment ® & = Wi properties
ol WISE Curves 8 & = Wl p2p ODEI’\ Format
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¥ en s MNSG CurvelottomPlight 1t & & T MNSG_Detalled Volurmes
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* & il B
vl el XE ¥ A
vl properies A& 4
& CroupList | [Eoupads0ir] & x & = I MNSG_Citters
& ObjeciCoimSaimce <0 ffh % & - o) 1 MKNSG_CutDrillPositean
W B MNBGIT 1101 R E e
+ B oA
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Building Custom Schemas through the Speckle’s API

il DOF ®
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Neutral, Extensible Format

The need for extensible objects that are able to react to change and embed adjacent properties

y —— * Retrieved item(s)
[ Query based on the user's custom schema .~ | R [Fhanosbecketny . Folyturie
D2P.MNSG - Main Beam Segment.MNSG_Curves.MNSG_Cq‘FVeMiddleLeft
« 240 h:-'.ps.:,',-sOOS,specaue,woms,mpu,-’sm'gam!;.'skKJ'-{:n:‘..'oh_m{:‘[y,-"‘l;ffe de=properties.D2P.MNSG - Maln Beam Segment. MNSG_Curves MNSG_CurveMiddleleft

"success": true,
"objects": |

"_id": "Salfled7de89dbiaTaccisbi”,
“properties": {
"p2ET: {
"MNSG - Main Beam Segment": {
[ .

g : {""‘

"basebd":

. . . prcemier BUROHAPPOLD
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Neutral, Extensible Format
The need for extensible objects that are able to react to change and embed adjacent properties

Rhino3D’s Modelling Environment SchemaBuilder Interface Speckle’s JSON

| Raetrieved itemfs) |
2§00 <Rhino.Geometry.PolyCurve p
l

Query based on the user’s custom schema /
sDZP.MNSG - Maln Beam Segment.MNSG_Curves.MNSG_CurveMiddleleft

n . XY . wieien. BUROHAPPOLD
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Case-study: setting up a D2P Beam-object through SchemaBuilder

Schema Builder

A TREE

>

Expand

~ [OQozP §

]
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Cross-Practice Collaboration: sharing schemas through common descriptions
A speculative scenario between Buro Happold and Design-to-Production object descriptions

Design-to-Production's
Generating Primitive Data Description
(Design Intent) -
Buro Happold's
= Description
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Mass Object Instanciation
Scaling up from the object level to the project level

© Pioparties | 5 Desplay M Layees© T Lo Stilkir % Help

search tag: [dril L%M Refresh Viewpart |

- = |’|,= s
s W
Ber . i, i
= “ LUy
_'_.‘._‘{r- i Rl . ¥
--ildi - ' -
el 2 Pl T
X Fups
1:], . T
‘_'.III
LT 3 S
#3
1 'II F'
]

tnnochnin Mk C/74 @ = ioneine A 29-01-2019 - KADK

C/TA



Christhopher Alexander on design patterns: “A City is Not a Tree.”

Shifting from a pure hierarchical model to a more decentralized model (here, the semilattice) in which persist
many different implicit relationships.

&

“A City is Not a Tree" (C.Alexander, 1965)

i * b A pepeioae BUROHAPPOLD
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Open Collaborative Design, Simulation & Analysis Flows
Case study at SimAUD 2018 (w/ Dimitrie Stefanescu)
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Open Collaborative Design, Simulation & Analysis Flows
Case study at SimAUD 2018 (w/ Dimitrie Stefanescu)
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Open Collaborative Design, Simulation & Analysis Flows
Case study at SimAUD 2018 (w/ Dimitrie Stefanescu)
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Mapping and reflecting upon the experiments

Version = mmm=m =

Building
Constructing
Assembling

Schemas

control | _ = -
i 3
o —
| ‘ee’ Vlsuall_zmg
WL Querying
S\ Data
J 24 I i ,
—@ i everaging
\ ) - N | X " W | o
h ’ T i : S,
Querying Navigating
specific &> through
objects (N schemas
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What can we hope for the future?

%

®Tekla ETAB S
Rhinoceros
Software Vendors
g, *, Iy 4 R 4

Development Effort - Adapter Plug-Ins - Maintainance, Updates, etc...

speckle.
works

Communication Platforms
Generic Schemas

BURODHAPPOLD

ENGINEERING -

29-01-2019 - KADK

C/TA



What can we hope for the future?

speckle.
works

Communication Platforms - Generic Schemas
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Three Perspectives

- Integrated multiscalar modelling practice
- Agency — Automatisation and Machine Intelligence

- Feedback - awareness of Environment



Assembly Information Modeling (AIM)

Ayoub Lharchi, Mette Ramsgaard Thomsen and Martin Tamke

Institution
Center of Information Technology and Architecture (CITA)
Royal Danish Academy of Fine Arts — Copenhagen, Denmark
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Source: Blumer Lehman




| l|||_il. i

Source: Shigeru-Ban




Source: Blumer
kehmann

Had innochnin C/TA

European
Commission
—_—










HOW CAN WE ENABLE ASSEMBLY DECISIONS IN THE
EARLY DESIGN PHASES USING DIGITAL ASSEMBLY
MODELS?



CONSTRUCTION PROCESS

—>

Design Evaluation Manufacturing Assembly
Concept Structural Analysis Fabrication Logistics
Documentation Simulation Infrastructure
Functionality Optimisation



Assembly
Logistics
Infrastructure

Informing
—p

Evaluation
Structural Analysis
Simulation
Optimisation

Feedback loop

Design
Concept
Documentation
Functionality

Informing

Manufacturing
Fabrication

» CONSTRUCTION



ASSEMBLY INFORMATION MODELING (AIM)



: Design

Production
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QUERIES

Component

Spatial Relations

Issues

Documentation

SaL

Digital Assembly Model
(Database)

Results




.NET Core Library

AIM Core

CAD SOFTWARE

Grasshopper Plugin

Rhino Plugin

Revit Plugin

ArchiCAD Plugin

.adm File

Digital Assembly Model




Augmented
Assembly

\ 4

Cloud-based
Collaboration

\ 4

Robotic
Assembly
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Potentials use of the Digital Assembly Model
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CLOUD BASED COLLABORATION
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AIM Manager

| Home

[l Assembly Models 4 Viewer

W Parts
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AUGMENTED ASSEMBLY



DIGITAL ASSEMBLY MODEL

*.adm File

Autodesk Forge Platform P Augmented Reality Device |mp User

OVERVIEW OF THE AUGMENTED REALITY SCHEME
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Three Perspectives

- Integrated multiscalar modelling practice
- Agency — Automatisation and Machine Intelligence

- Feedback - awareness of Environment
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Laser acquisition

——Laser processing

—RGB Acquisition
—RGB processing

CAD reconstruction

source: J.-F. Hullo, G. Thibault, C. Boucheny (2015) Advances in multi-sensor scanning and visualization of
complex plants: the utmost case of a reactor building. In: The International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences, Volume XL-5/W4, 2015

Global Time allocation for creation of Architectural Data from 3D Laserscans

Workflows with Point Clouds - The challenge
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[Info] [VISI] Using GPU for OptiX.

Automatic Reconstruction - Point Cloud to BIM

é

| X Point cloud Segments Bubbles Grid Grid3D Arrangement Arrangement25 Amangement3D IFCReconstruction IFCReconstruction3D
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Automatic Reconstruction - Point Cloud to BIM %
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Screenshot 'frlbm a subsamplec-i: vefsion ioaded into Volvox %}
(Rhino Grasshoper Plugin) with 84 Mio. Points

i
Automatic Reconstruction - Point Cloud to BIM %§
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Automatic reconstruction of BIM model from PointCloud.
Resulting BIM model (output as IFC Format).

Time needed for automated reconstruction: 10min per
Floor/Building

Automatic Reconstruction - Cad-Q Hejskolan ig aaaSy
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Detection of Spaces / Room Connectivity é b
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Level 1 .
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Autodesk Revit Solibri Model Checker
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Point Cloud Data

BIM
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Semanticaly aware Difference Detection
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Research Prototype:
Automation of 3D-5can to

BIM processes
Point Cloud

Grasshopper

Gt Laarn Talk  Arpeed My Page

Volvox for
Grasshopper/Rhino

3259 Downloads within 1.
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Main Outcome: Tools and Techniques
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Towards:

- Integrated multiscalar modelling practice
- Agency — Automatisation and Machine Intelligence

- Feedback - awareness of Environment



