The virtual mockup

parametric design and optimisation of complex
facade panels in virtual reality
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Chris van der Ploeg

Computational design specialist

Chris is heavily devoted to helping advance the use of computational
design in daily practice, not limited to the field of structural design only.
He has a strong interest in new digital technologies as amongst others
virtual reality and he is constantly looking for opportunities to integrate
new technologies in design projects. He is especially interested in the
field of parametric design and optimisation strategies that help to
increase insight into complex projects and achieve more efficient
solutions. He regularly shares his knowledge in meetings and
conferences and has published on the subjects of BIM, parametric
design, and optimisation.



Sandra Hombergen

BIM-specialist

She started as a structural draftsman in 1999, then modeller and
developed herself to a BIM-specialist. Currently she is working as
a BIM-manager, -coordinator and is part of the group
Computational Solutions at ABT. This group consist of a couple of
people with advanced knowledge about BIM, Computational
Design and data and the ambition to create digital solutions with
an integrated approach for projects and processes. She is
involved in improving the quality of the workflow and products,
including BIM-models, within her company and increase the
knowledge level of her colleagues.
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Every client, every architect, wants 'something’ - aspires, Integrated solutions that are makeable and - particularly -
desires and requires. Whatever their wishes, we take care of the feasible. Irrespective of the extent or complexity of the question.
technical realisation. With energy and passion - as we have been Breaking new ground if necessary, but at all times sound. Making
doing for the past 60 years. the seemingly impossible possible.

ABT builds ambitions.



What to expect?

INTRO

Key learning objectives
Why a mock up?

Why a virtual mock up?
Why VR for mock ups?

PROJECT NATURALIS

TECHNICAL ELABORATION MOCK UP AND VR
Glass crown elements

Concrete panels with relief

Distribution of panels over the building

RESUME



Key learning objectives

LEARN HOW A VIRTUAL MOCKUP CAN REPLACE A PHYSICAL MOCKUP
LEARN HOW VIRTUAL REALITY CAN BE USED FOR DESIGN OPTIMISATION
LEARN HOW TO LINK PARAMETRIC DESIGN MODELS TO VIRTUAL REALITY EXPERIENCES

DISCOVER MULTIPLE WAYS OF CREATING VIRTUAL REALITY MODELS



Why a mock up?
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Why a mock up?
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Why a virtual mock up?

vary ‘ l design

Virtual Physical

mock up prototype
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Why a virtual mock up? o

Possibility to play with patterns in your design
Managing and adjusting for aesthetics
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Why VR for mock ups?

« Scale 11

* No restriction in size
 [Easytovary

* No delivery time

* No waste

« Easy movable or sharable

* Cheaper

Jonas
Architect Orange Architects




VR for mock ups . = %; .

Understand and experience what you are buying. 2 —— T j°'

Prins Claus bridge
Architect René van Zuuk Architekten
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Clbt/VR-lab =

VR@ABT

As an addition to our advice and accessible for everyone.
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new: entrance area ‘glass crown’
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new: exhibition building



=)

IR

“‘,

D

||

2,

|
s

‘ "‘

|

|2
4

§

.

2,

il
{

4

GNw
o <
=0 >3
O0._ >= 2
UN@ g =
=0 c o o
OO0 o
2 N Mu
2
X
L
IIIB
sin L
_ c
o 5 o
& E5 4. 3
PPN 5 52 £ “
V Q
O c® 9§ C 0
2 c 2 88 O
— E om mﬂq L8 R ©
Ll = — o2 £E 3§ m Q.
Ea5.0 <ty : m
= = O
Do N2 O \
Z 02 < =TS

20






\ “"\ 2t .
wE ( T~
S H \6;‘ ;
& )
. =
" ey
- .'\.\ N
vn‘%“"'
Sy ».ﬂ.-,
g v Al

] . . . : . D)
Design using virtual mockups in project Naturalis f o&

o ddamy S f
/SN oM







Glass crown
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Savings proposal

« 2 elements/truck instead of 1
* Number of transports: -200

« Panel depth 1m - 0.6m

Material reduction
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Naturalis Biodiversity Center
Neutelings Riedijk Architects

DelcentialethallVaniheigebouw, Fragmen: Naturals bouw 71

https://www.youtube.com/watch?v=I-jnfKJ7Jlk
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2014: “Good old” Autocad

Ewoud — December 8, 2016 at 4:06pm

Voor Maturalis zijn wi) op zoek naar iemand met meer kennis van 30 Autocad,
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Parametric approach




Mindset

Make the rules Code Press Enter
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Design variants
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Evdluate alternatives in VR
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HIBEX, Groningen
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Concrete panels with relief







Artist’s design of ornaments

Domino pattern
13 unique panels
each4,0mx1,0m

52 m2 unigue pattern

Designed as 2D images

Realisation in 3D concrete



Computational Design S¢ X

C O ’ & Beveiligd | https://www.abt.eu/expertise/speerpunten/computational-design-solutions.aspx

Apps @ compas R Revit API 2018.1 [% British Standard Shz (34 Talent Ontwikkeling E Data Tables & Mon t\ How to bring Revit E: Texture Image of As t\ Solved: How to disa

qbt Expertise  Actueel Projecten Over ABT Contact Carriére Q @ @ @ @ $ 0

Computational Design Solutions

Digitalisering vindt o kz' . we j @ar ‘e b i ‘ge . wuw saktii’ . AL Tin oou =e
hiervoor Computation | Jei ¢ 1Sc v iov 5 dig 7 e 0 sssingl 10m ot enl te
duurzamer of efficiénter ontwerp(proces) te komen voor opdrachtgevers. Hiermee kan
nieuwe functionaliteit worden gecreéerd, meer flexibiliteit in het ontwerpproces worden
geintroduceerd of op een efficiéntere wijze meer inzicht worden verkregen in
ontwerpvarianten. Verschillende solutions worden onderscheiden om de mogelijkheden

en meerwaarde van digitale technieken bespreekbaar te maken.

Bent u benieuwd naar de mogelijkheden van Computational Design Solutions

voor uw toepassing? Neem dan contact op met een van de CDS-specialisten

van ABT of klik op een van de onder d lossi 1

- ——

betrokken specialisten

» ing. Martin
Rationalisatie Parametrisch Formfinding Bijsterbosch

: Bouwkundige
Vertalen van een ontwerpen Automatische

ontwerpgedachte in Variéren met vormgeneratie. + Bekijk profiel

logische regels. ontwerpvariabelen
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2D design converted to 3D

!
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Automated conversion

« Convert 2D image to 3D mesh

« Exact dimensions

» Correct for seams between panels
» Generate images of 3D models

« Create mesh of moulds for production (Rhino)

» Create mesh of panel for VR (FBX)




3D conversion



Straight Smooth

BN
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Softening of sharp edges
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From 2D design to 3D evaluation

Challenges
Depth of pattern
Required level of smoothening

Finetuning of design
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0o W fx
= A % Name A Type Size Date Modified Full Path Cok Mag
2 I level
bt e o w . BetonGrofGestraald_Ambient_Occlusion texture 842 Bytes 6-6-2018 11:16:07 VR _relie...
Normal Ma
& & models vr [ BetonGrofGestraald Base Color texture  775Bytes 6-6-2018 11:16:07 VR relie... -
£ I 3dsm g BetonGrofGestraald_Emissive texture 833 Bytes 6-6-2018 11:16:07 VR relie... Metallic Map
B chara w BetonGrofGestraald_Metallic texture 833 Bytes 6-6-2018 11:16:07 VR _relie... Roughness Map
£ B prop: 7z I BetonGrofGestraald Normal texture B22 Bytes 6-6-2018 11:16:07 VR relie...
> Emissive Map
. B relief p*d . BetonGrofGestraald_Roughness texture 834 Bytes 6-6-2018 11:16:07 VR _relie...
oh v [ BetonLichtGestraald_Ambient Occlusion texture 843 Bytes  6-6-2018 11:16:07 VR relie... Ao Map
o g . BetonLichtGestraald_Base_Color texture 776 Bytes  6-6-2018 11:16:07 VR _relie... Use Color Map @
w BetonLichtGestraald_Emissive texture 834 Bytes 6-6-2018 11:16:07 VR _relie...
ma e ; 3 : Use Normal Map v
Yr [ BetonlichtGestraald_Height texture 832 Bytes  6-6-2018 11:16:07 VR relie...
£ @ room A 4 BetonLichtGestraald_Metallic texture 834 Bytes 6-6-2018 11:16:08 VR _relie... Use Metallic Map
B skydc 77 [ BetonlichtGestraald_Normal texture 823 Bytes 6-6-2018 11:16:08 VR relie... Kisr Remchness Map v
2 ui W . BetonlLichtGestraald_Roughness texture 835 Bytes 6-6-2018 11:16:08 VR relie...
) . ) Use Emissive Map v
™ script w e Material_BetonGrofGestraald material 23 KB 6-6-2018 11:39:35 VR _relie...
o i 77 @ Material BetonlichtGestraald material 23 KB 6-6-2018 11:41:35 VR relie... | Use Ao Map @
00Is ]
B8 v st Base Color -

v,

S Eaitiowr Eresne v = & level studvAC.level loaded.
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Experience of accuracy of virtual models
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Virtual reality versus reality
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File to factory export of mesh




pattern max 50mm
(=white in original image)

mesh of panel

====f=====

z=0 for all files

Rhino z=0 o
to ensure continious pattern

(=black in original image)

mesh of mould (mirrored)

max milling -50mm E-

Mould as mirrored version of the panel



Real mockups required to verify fabricatability
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Challenges

» Distributed panels as one continuous ribbon
*  Minimum dimensions of panels, no left over pieces
« Continuous pattern along panels

«  Sufficient variation of pattern per side



002
YOORAAMNZICHT = stortijde

X K]
—_—— 005 M — -~
EMAANZICHT

2 001
RAAMZICHT = stortzide

liIniIous around corners

Minimum width criterium



Inventarisation of “exceptions”

outside corner < 90 degrees

opening in pattern

|
|
|
|
|
|
|
.i
i

inside corner

outside corner > 90 degrees



Design rules

Inside corner

nel

Standard

standard panel length

End left

length

Outside corner

End right

c/sin(theta/2)+d/tan(theta/2)

a=

length

End both

o
+
[~
[
2




Simplified test model




start point(s) specified by user

restart point, since rest piece is to short for
panel ok

panel to short

segment can be made as 1 panel

e

Feedback

Providing feedback about feasible and infeasible elements

@&0J



Variables

(v) | 2000

Panel Height

Panel Length

Minimal panel Length

Varieer start punt zodat er geen te kleine

stukken ontstaan.

Eventueel doorgaand patroon onderbreken met
extra herstartpunt (index van curve waar opnieuw
begonnen moet worden)

Code Block

L) True

(® False

List.Create

List.Create
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Final panel layout
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Revit material textures

Search

Ql Identity = Graphics |Appearance]E_]

Project Materials: All '>

Name

[0i=- =9 00ABT huipvolume2) &

Upda...g..

¥ Information

00_ABT leeg

00_ABT _rooster

Name 00_ABT_hulpvolume(2)
Description Generic material,
Keywords materials,generic
¥ Generic
Color RGB 187 187 179 e

Image Fade 50

Glossiness 0 x

Highlights = Non-Metallic s

P Reflectivity

> Transparency

»  Cutouts

> Self lllumination
v

¥  Tint
Tint Color RGB 198 198 187

«

Lok Cancel Apply
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Evaluate model in VR~ .

Revit




L Autodesk Live

L ChrisVanD.. v
=  13240_ABT-BK_CF_R2016_Naturalis_nieuwbouw < Home >

e Help W

o h

Style Home
People Views

Evaluate diversityin VR~~~ * | oo ap

‘RﬁbeITH LT > * Ay
CREENCAST () MATIC M N

s

Orbit Tap&Go Fly Sun Info Settings






Workflows for virtual reality models



Virtual mockups

« Easy to vary, means more variation
* No costs or production time, allows more creativity

* By virtual pre-selection, order the right physical
mockup

 Reduce waste, save costs and time

* Location independent



Virtual mockups

» No costs or production time, allows more creativity

Easy to vary, means more variation

» By virtual pre-selection, order the right physical
mockup

 Reduce waste, save costs and time

* Location independent

Real mockups

The real experience
* Does the aesthetic appearance live up to expectations
« Ability to touch the material
* Experience it in real daylight

Ensure manufacturability

Verify attachment to underlying construction

Test material behaviour in outdoor conditions



New job profile: “The virtual mockup experience creator™?



The virtual mockup

parametric design and optimisation of complex
facade panels in virtual reality

Chris van der Ploeg (ABT bv) Computational design specialist

Sandra Hombergen (ABT bv) BIM-specialist

Join the conversation #AUCIity #AU2018

AUTODESK.
a UNIVERSITY ,



