From Design Automation to
Generative Design in AEC

Dieter Vermeulen

Technical Specialist AEC @ Autodesk
Computational Design & Engineering

/\ AUTODESK.
UNIVERSITY

3 @Bim4struc ﬂ/




About me

= Computational Design & Engineering
= Passionate about Generative Design in AEC
= +5 years at Autodesk

= Previous experience in structural engineering

= DJ QuSe @ Autodesk Events © n www.facebook.com/quse.d;

g @BIM4Struc www.revitbeyondbim.wordpress.com
www.linkedin.com/in/dietervermeulen y P www.autodesk.typepad.com/bimtoolbox/

www.youtube.com/user/RevitbeyondBIM @ AU Online Profile
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TRADITIONAL DESIGN PROCESS
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GENERATIVE DESIGN PROCESS
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Generative design Is a
methodology and a process
more than a singular product

or tool



Accelerating Growth in AEC Technology

Internet Of Things
Robotic Construction
Generative Design

Al BIM

Photogrammetry
ERA OF ERA OF ERA OF
DOCUMENTATION OPTIMIZATION CONNECTION

Interoperability

Algorithmic Modeling

BIM
Parametricism
Hand Drawings CAD

——

<1960 1970 1980 1990 2000 2010 2020
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Generative Design in Architecture
Gives Designers More Options... Faster
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Cases

LIGHT DISTRIBUTION

CONCEPTUAL TOWER MASS STRUCTURE WASTE OPTIMIZATION

BEP I OG>

p— Y

A

“‘

= Qqhu.h.mv
AN
ST

—

HEP QWG €

pe—T T

i o]
e T
\

{/\ AUTODESK.

3 @Bim4struc



More Cases

URBAN PLANNING PARKING LAYOUT

TOWER CRANE POSITIONING
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Traditional Design
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Computer Aided Drafting
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Parametric Design



Designer/engineer uses computer

as passive machine

one
computer

limited
design






Parametric Modeling
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Parametric Modeling
a=2
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Parametric Modeling
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Conceptual Tower Mass — Design Model
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Conceptual Tower Mass — Design Model

Parametric Modeling with Autodesk Revit
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design
automation

Input output
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Dynamo

Ecosystem to increase capabilities

REVIT API

Difficulty

Expressive Power
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Dynamo to simplify things

PROGRAMMING VISUAL SCRIPTING

void GetElementParameterInformation(Docurent document, Element element)

/1 Format the prompt information str:

ng
String prospt = "Show parameters in selected Element: \nir”;

stringsuilder st = new Stringuilder();

/1 iterate element’s parame

foreach (Paraseter para in element.Paraseters)
{

st.AppendLine(GetParameterInformation(para, document));

/1 Give the user some information
TaskDizlog.Show("Revit", prompt + st.Tostring());

stri

Select Model Element

ng GetParameterInformation{Paraseter para, Docusent document)

string dafName = para.Definition.Mame + "\t :
string defvalue = String.Empty;

Element.GetParameterValueByName

Element

/1 Use different method to get parameter data according to the storage type
switch (para.StorageType)

element > var[]..0 > >
Element : 296833 parameterName >
f/covert the number into Metric

defValue = para.AsValueString(};
break

case StorageType.Elementld
//find out the name of the element
Autodesk.Revit.D5.Elementld id = para.AsElementId();
if (id.IntegerValue »= 8)

2.68872498291346

defyvalue = document.GetElement(id) Name;
}
else

String

Volume | >
defvalue = id.IntegerValue.TeString();
break;
case SrorineType. Intonsr:
if (ParameterType.YesNo ==
{

para.Definition.Paraneterype)
if (para.AsInteger() == @)

defvalus = "False’;
else

defuzlua = "True";

¥
¥
else

defvalus = para.AsInteger().Tostring(};

}
break

case storageType.String:
defvalue = para.AsString();
brezk;

default:

defValue = "Unexposed parameter.”;
break;

¥

return defName + defValue;
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Dynamo offers more benefits

= Provide simple, coherent, and capable programming tools for people who make things
= Foster a collaborative design computation ecosystem
= Share tools within teams and across disciplines

= Generate sophisticated designs from simple data

= Automate repetitive tasks
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Conceptual Tower Mass - Automated Placement

Design Automation with Revit and Dynamo Player
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Cut Openings in Structural Walls

Design Automation with Revit and Dynamo
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Light Placement Automation

Design automation with Revit and Dynamo
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Facade Panels with Mathematical Influence

Design Automation with Revit and Dynamo Player
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Computational Modeling Process
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Conceptual Tower Mass with Computational Modeling
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Conceptual Tower Mass

Computational Modeling with Revit and Dynamo
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Light Distribution Analysis

AUTODESK’ DYNAMO DYNAMO DYNAMO
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Light Distribution Analysis

Computational Modeling with Revit
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and Dynamo

R Dynamo

Light Distribution Optimization.dyn*

DESCRIPTI

VARIABLE
EOMETRY:

DUT

I/EDITING
MAIN

ation

hd data
aries get

DYNAMO FILE NAME DYNAMO VERSION
Light Distribution Optimization.dyn 22

ASSOCIATED REVIT FILE(S) WORKING REVIT VERSION(S)
Light Distribution.rvt 2020

AUTHOR(S)

REQUIRED DYNAMO PACKAGES

Dieter Vermeulen (Autodesk)

DESCRIPTION

This Light Layout Optimiser prototype s built for use
with Refinery and creates and analyzes lighting
positions on a floor layout.

Choose the floor and ceiling face from your Revit
model.

The script will place *lights” below the ceiling and an
array of points on the floor.

It will then ray cast every light to every floor point
(taking into account obstacle geometry) and add up
the number of unlit floor points.

BIM4Struc.LightDistribution
Project Refinery

(install from https://beta.autodesk.com/key/
RefineryLanding)

Special thanks and credits to Jared Linden,

Digital Applications Developer at Hoare Lea and
Radu Gidei from Matterlab for contributing to this
example.

Revisions

Sheet Composition

*@ View Reference

Special thanks for contributing:
Jared Linden, Hoare Lea, UK
Radu Gidei, Matterlab, UK
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Steel Diagrid Waste Evaluation

DYNAMO AUTODESK’ DYNAMO AUTODESK’
FOR REVIT REVIT FOR REVIT’ REVIT

Automate Cut Length

System Definition Integration of Results
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Steel Diagrid Waste Evaluation

Computational Modeling with Revit and Dynamo
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Generative Design Process

EVOLVE _af , INTEGRATE /3

INTEGRATED ()
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i

VISUALIZATION
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EVOLVE
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Refinery

Public Beta Project for Generative Design in AEC

Explore and optimize designs

Uses NSGA-II optimization algorithm

Learn more here:
https://www.iitk.ac.in/kangal/Deb NSGA-II.pdf

Advanced results display
Syncing selected option back to Dynamo

More information and beta access:
www.autodesk.com/solutions/refinery-beta

3 @Bim4struc

New Study
Method =~ Optimize

Which inputs should vary?

=

hich outputs should be used as goals?

O @8 3 @3 @3 @ @

Which outputs should be constrained?

{\ AUTODESK.


https://www.iitk.ac.in/kangal/Deb_NSGA-II.pdf
http://www.autodesk.com/solutions/refinery-beta

Types of studies | Generation Methods

4 TYPES INPUTS DESIGN SPACE OUTCOME
RANDOMIZE S ) %%
fzg/{ ’\z\. i ® 5 DESIGNS
Parameter 2 5l @ ° # defined by user

Parameter 2

CROSS PRODUCT

e o o
5X [ ) o [ ) @ Paameterl .
(@ @ @ 5 x3 =15 DESIGNS
3 e ®  Parameter2 g : : : user defines sampling density
e o o
Parameter 2
OPTIMIZE °®
. Parameter 1
| 5 3 x6 =18 DESIGNS
® ® Parameter 2 g o user defines population size
_ £ @ and number of generations
generation 6 population of 3
Parameter 2
LIKE THIS
. Parameter 1
L J Parameter 2 % 5 DESIGNS
g J # defined by user
(]

Parameter 2
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OPTION GENERATION



Option Generation Process
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Conceptual Tower Mass Randomization

DYNAMO DYNAMO 5. @ PROJECT AUTODESK’
FOR REVIT FOR REVIT’ wlm REFINERY REVIT

Outputs

Computational

Get Boundaries Model

Generate Options
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Conceptual Tower Mass Randomization

Option Generation with Dynamo and Refinery

Autodesk Revit 2020.1 - Manhattan.rvt - 3D View: FAR

REGHG - G-»-Q2-FO0ASG-0%F %H ~
GIM Architecture  Structure  Steel  Systems Insert Annotate Anahze Massing&Site  Collaborate View Manage Add-ns  SiteDesigner Modity Precast (D~

RS B wdB - A B F &4

Modify| Extemal  Batch Print Transmitamodel ~About Check Manage About..  Launch WSM Advance Steel _ Convert RFA _ About Formit Refinery.
Tools Extension to Formlt

« 0 8 dietervermeul.r W @) -

Select v  External  Batch Print eTran

efinery

Properties

@ 30 View - i

3D View: FAR ~| B8 Edit Type

Graphics A n|Z—— | Studiestoshow Al -
View Scale

Scale Value 1: 1500

Detail Level  Fine ©  624a3277-55fd-4ebb-achd-954te  50/50

Parts Visibility Show Original

Visibility/Grap.. i

Graphic Displ...

Discipline  Coordination EEK
Show Hidden ... By Discipline

Default Analy... None
Sun Path
Extents 2
Crop View
Crop Region ..
Annotation Ci
Far Clip Active
v

B2 i (as A0 BT
Properties help Apply e~

1
Project Browser - Manhattan.rvt x| & 3D
5O, Views (all) ~

Floor Plans

Elevations (Building Elevation
Sections (Building Section)
Section 1

- Annotation Symbols
- Cable Trays

Ceilings

Columns

Condits

Curtain Panels

&) Empty System Panel
£ System Panel

v
< > Perspective B (7 {x O T ik
Click to select, TAB for alternates, CTRL adds, SHIFT unselects.

Flter @ Ci

Sortby  Total Area

<

> 1:500 B Q QR o MG S <

el & 00 P B Main Model

WAL O Po

3 @Bim4struc

{\ AUTODESK.



CRANE POSITIO

\\ / k\ !
\ ‘\
% \
\. X
N \
Ne: N
\ / \
N . \.
\\\

W @BiM4struc {\ AUTODESK.




Crane Position Randomization
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Crane Position Analysis

Flowchart Approach
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Crane Position Randomization

Option Generation with Dynamo and Refinery
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Conceptual Tower Mass Optimization
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Conceptual Tower Mass Optimization

Optimization with Refinery
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Light Distribution Optimization Jred Linden, Hoero e, UK
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Spatial Truss Optimization

Design Optimization with Dynamo, DynaShape and Refinery
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Spatial Truss Optimization

Design Optimization with Dynamo, DynaShape and Refinery

¥ Dynamo

Outputs

3 @Bim4struc

{\ AUTODESK.



Shop Layout Planning A% stamnus

BOUWBEDRIJF
Optimize the ratio of shop and storage area of a liquor store
o =
Studies Vs
0a177089-£34¢-45b6 o @ Cs ; : é ®
(@  14c9b1dd-0a0f-44a8-85bd~ 10 - @ e ° s : L] ®
gs. ]i'.
v {';ii&

3 @Bim4struc

{/\ AUTODESK.



PARKING LAYOUT

{\ AUTODESK.

W @BIM4struc



Objective of the Optimization

secondary roads

= Layout of main roads,

Number of parking spots
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Parking Layout Optimization
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Layout Optimization
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Parking Layout Optimization

Optimization of spots for electrical vehicles
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Alternative Site Selection

Script is generically useable
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Urban Planning
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Urban Planning

Optimization with Refinery
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@ Refinery Primer
»

Welcome

Welcome

Introduction to Generative
Design

Welcome to the Refinery Primer, which aims to introduce AEC practitioners of all experience levels to an
exciting new approach to design using generative design workflows

o

Deeper Dive to Generative
Design


https://refineryprimer.dynamobim.org/

The full presentation with embedded videos
will be available for download on
this link
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