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Class Resources

Getting access to all information ?
e This presentation contains videos, which are
not embedded in the PDF version.

e The session has also been recorded.

® You can get access to the full presentation
including videos, the handout, recording and
full datasets on this link below or through the
QR code on the right.

https://autode.sk/NeighborhoodOptimization
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Class Description

The need for affordable housing has never been so high worldwide. One possible
solution is to optimize the development of new neighborhoods. But how can you get a
maximum number of residential buildings on your plot in a sustainable way while still
providing comfort?

In this class, we'll teach you step by step how you can use Generative Design in Revit
and Dynamo to optimize the planning of neighborhoods of single-family residential
buildings, including plot subdivision, land-use assignment, and placement and shape
of structures. We'll then review how Spacemaker brings even more value into this
complex exercise for the optimization of single family residential buildings.
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Learning Objectives

c Learn step by step how to build your own Generative Design script for dwelling layout
optimization.

9 Learn about the value and positioning of Dynamo, Spacemaker, and Generative Design for
Revit.

e Learn why, how, and when to use Spacemaker for residential planning optimization.

Discover how Generative Design in Revit can effectively be used for neighborhood
planning.
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Industry Context

\

\ Process Overview

@ Why Generative Design ?

Workflow Overview

Other Analysis Results

@ Customization & Continuation
@ Closing
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Industry
Context

What challenges do we face and what
is it that we want to solve ?
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Neighborhood Planning

Definition

Neighborhood planning is a form
of urban planning through which
professional urban planners and
communities seek to shape new
and existing neighborhoods.
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Neighborhood Planning

Typical Process

o
Defining the Public Plan-writing Implementation Evaluation
neighborhood engagement &
boundaries & monitoring

consultation
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Challenges to plan-writing

Lots of data to
process such as 2D,
3D, reports,
specifications, ...

TIME

©

Optimization of a site
takes a lot of time due
to many manual
iterations.

Need to get buy-in
from the planning
committees and local
residents.

Uncover the social
and economical
potential of the new
neighborhood.

RISK
7

Understand risks like
geotechnical issues,
environmental impact
and comfort of living
(noise, daylight,
traffic)
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Challenges to urban design and development
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Generative
Design

Why using this approach?
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“How is the project
performing ?”

“How will this design “What’s the best
perform?”
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Generative Designh Process

Combining human and computer intelligence
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Generative Designh Process
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Process Overview

Satellite View




Process Overview

A satellite view on how to build up the script
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MINIMIZE
OT EVALUATION
RITERTA

MAXIMIZE GREEN AREA

MAXIMIZE PUBLLC
TRANSPORT
ACCESSIBILITY

REVIEW RESULTS
IN GDIR

INTEGRATE

NERATE
PROPERTY LINES

GENERATE AREAS

GENERATE
BUILDINGS

GENERATE
SURFACES
CENTERLI

GRADING
OPTIMIZATION
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Overall Optimization Workflow

NSPACEMAKER n Revit gggfgrst“’e N SPACEMAKER
; R
&£ L'}\w S

. . e e s Import and analyze
Prepare site Import e(;(]:tmg site Optlmlz'atrllzn or:‘ th: the designed
conditions new neighborhoo neighborhood
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Workflow Overview

Boots on Ground View




Prepare site

Spacemaker

=] X

Be»0@:

x o+
€ C (0 @ sppspacemakeraily ant=
Buy & Specamaar subacription 10 contiue working afer your trelandsl Learm o,
<
3
Dieter
Al projects
Projocts
Membors N
AU 2022
Discover

\‘@ Try

Watch your personalized demo Join Flights, our live webinars Try demo projects

@ Leamn

Learn and get help

é

% AUTODESK UNIVERSITY



Import site data
Autodesk Revit
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Excel

Building Definitions X3

Define building types to be used

A Townhouse 1 10 25 [[0,10,10,0],[5,5,15,15]] [[2,5,5,2],[0,0,5,5]] 15 252,141,89 150
B Townhouse 2 12 25 [[0,12,12,01,[5,5,15,15]] [[5,9,9,51,[0,0,5,5]] 12 254,224,139 200
C  Detached 15 35 [[3.7.57.5,12,12,3],[5,5,9.5,9.5,17,17]] [[7.5,12,12,7.5],[0,0,9.5,9.5]] 7 230,245,152 320 12
D villa 20 45 [[4,16,16,10,10,4],[6,6,18,18,13,13]] [[12,16,16,12],[0,0,6,6]] 6 153,213,148 420 14
E  Commercial 15 30 [[2,13,13,2],[6,6,16,16]] [[2,13,13,21,[0,0,6,6]] 12 213,62,79 250 20
F Amenity 20 36 [[47,7,13,13,16,16,4],[6,6,10.5,10.5,6,6,20,20]]  [[4,16,16,13,13,7,7,4],[0,0,6,6,10.5,10.5,6,6]] 6 50,136,189 360 25
Sequencing 2
A A
B B
_ _ A E
XY, = [0,15] X3,Y3 = [10,15] c B
B A
E B
C C
XY, = [0,5] XY, = [10,5]
origin/

Shape Syntax
[[X1:X2!X3r"'xn]:[y11y21y3r"'1yn]]

W LA 4

TYPEA TYPEB TYPEC TYPED TYPEE TYPE F

% AUTODESK UNIVERSITY




Build the graph

B Dynamo

A lomhousel 10
5 tomn u
¢ orao 5
o s F
- € Commecel 15

Import Data

B Dynamo

Generate Site

Analyze Site

Generate Buildings
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Logic behind the scene

Autodesk Dynamo for Revit

DAMAMD VERSION

212or 213

INSTRUCTIONS BEFORE RUNNING THE SCRIFT

1. Chocae the site boundaries in Revit. Make sure the
results is & closed podrrune.
2. Point to the Excel e that heldh the Bullding
ookl il iy
in o
[erk vl et o
4. Select the of the Type.rit famidy
D e .

Rt

Project units are metric [m] | 5. Choose an Area view whene 5o record the kot areas.
6. Select valott for the severs] vanables
7. Ruan the seriph |
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Packages Used

Search for packages GenerativeNeighborhoods
o Contains the nodes for this class

Topologic
o Used for path analysis

GenerativeNeighborhoods [New| 0 View Details

Revit, IronPython2, CPython3

O jacobsmall ™ 100 %0 Lo @ 20Sep2022

Topologic 0 View Details

0 jabiw3sXRW ™ 140 % 7 X 2032 @ 15ep2020
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Input Data

External input, variables and constraints

EXTERNAL INPUTS

nnnnnnnnnnnnnnnn

—E = VARIABLES
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Input Data : External Inputs

e Read Building Types from Excel

e Import site boundary curves from Revit
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Input Data : Variables £ Constraints

Entry Controls Block U Positioning CONSTRAINTS

e Variables

o Controls for entrance road
Road = ; ‘ o Road width control
Width

Control —— o Lot depth

o Block Control
» Positions

* Lead Edge Selection

e (Constraints
o Public transport spacing
o Maximum walk to public transport

o Maximum backyard to south
deviation
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Model Generation

e Final Lot Data with

o Building Type + Properties
(Carbon Emission, Net Price, ...)

o Lot Surface
o Standard Lot
o Building Shape

e Road surfaces & centerlines

e (Green Area

efinitions

& Dictionary

Carbon Emission |

Lot Coordinate System RETgRlEYs

| Lot Surface BRETL
| Min Lot Depth PR
I

| Net Price BED

| Building Color kYR
| Prioric) RS

WIS TETEY S el [(3,6,6,3],[0,0,:

| M7x ]

| Lot Width B

| Heizhe Bl

| Standard Lot REgiE
| 57 ldine Shane NN

141,89

aqal 55
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Analyze the model
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Analyze the model

Define the outputs of the Generative Design Ul

”;l=-___- - * Lot Evaluation * Sustainable Areas Evaluation
- . -;. . o Backyard Orientation Score o Road Surface Score
-=-.. o Number of lots o Green Area Score

=== =0 o Customized Lot Ratio o Lot Surface Score

= S =5 B o Carbon Emission .
e et [ | e Infrastructure Evaluation
N o Net Price
_--_-- o Infrastructure length
wa-;-. o Number of bus stops
===l e Public Transport Access Score
Exakuate the walking distances from 4 selectod amount of sample pomts along the 1o netwark to the defined bus stops. |
-:---- ' .---.\--'—F_‘

S T o LK = | =l |

L O - .

- =
-
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Lot Evaluation

Evaluate the quality of the generated lots

Lot Evaluation

Maximize the backyard orientation score of lots by
minimizing the deviation towards geometrical
south. F i3

Maximize the amount of lots /

Minimize the amount of custom sized lots
Minimize average carbon emission
Minimize average net price

L, Avg Carbon Emission s Avg Net Price

4 AUTODESK UNIVERSITY



Sustainable Areas Evaluation

Sustainable Areas Evaluation e Maximize the Green Area.

e Minimize the Road Surface

e Maximize the total Lot Surface

& Green Area Score &= Road Surface Score 4 Lot Surface Score

0.191271743211258 0.771772563137811
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Infrastructure Evaluation

Infrastructure Evaluation e Minimize the infrastructure length

['] Code Block

. Curve.Length : UESMam'S“m j""‘ Infraslru(.fure Length ’ o CO u nt t h e amou nt Of b us Sto p S

Pl dictResults 1 dictResults["RoadCenterlines"]; | [ISetgel curve

4 1 Bus Stops

& Infrastructure Length

365T.82843444334

List.Flatten List.Count

['1 Code Block

B PublicTransportPoint 1 PublicTransportPoint; |I3
AT
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Public Transport Access Score

ab1z

® Sample point

Target point

’ Shortest path from sample to target point
#2 AUTODESK UNIVERSITY



Path analysis

Analyze the walking distances to public transport points

Public Transport Access Score

P score=10

Score = 0.5

B score=0.0
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Visualize the results"

% AUTODESK UNIVERSITY



Visvalize the result

Buildings & Lots Green Area
Driveways r'f//v

> \ \ \

Roads Public Transport Walking paths
Access Points to public transport
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Visuvalize the result
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Record Results in Revit

Gather and organize data for
Rewvit eleanl creation

| Reaﬁ : Road Surface Road Centerlines Building Instances

N

Family instances for
- \ each building type

— Record the ot separtion lines

=
&ﬂ

ort centerl

Green Area Lot Separation Lines

... y ’\ g 7 '

ot g
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Record Results in Revit
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Prepare for optimization

What to check before running the optimization ?

I VERIFY I I LOCK DOWN I | CLOSE I ‘ I ISAVE GRAPHI
INPUTS EXCEL FILE DATA.GATE

O

V Update Excel? e . D Sl

O True O False
A\Building Type Template.rft

D File Path « File From Path

file

Browse.

\Building Definitions.xlsx:
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Clean Design Dictionaries

Catching the amount of lot failures

Lot Defin

Design Dictionary

resultDictionaries = @
resultDictionarie None,None] :

OUT = [None,1@

cleanedResults = []
failureCount = @
d resultDictionaries:
test = [ 1 i d.keys() d[i]==None]
sum{test) == @ :cleanedResults.append(d)
failureCount = failureCounttsum(test)
OUT = cleanedResults, failureCount

P Run

i Failed Lots

Minimize the amount of failed
lots during the optimization
process to skip invalid design
options.
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Optimization of the new neighborhood

Generative Design in Revit
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Create neighborhood from results

Autodesk Revit

-

T [ e s cimens
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Area plan

Lot development plan in Revit

LOT SCHEDULE
1 Townhouse 1 270 m? T8m 185.36°
2 Townhouse 2 360 m* 34 m 185.36°
3 Townhouse 1 270 m? TBm 185.36°
4 Detached 450 m2 90 m 165.36°
] Townhouse 2 360 m2 84 m 184 38°
4] Commercial 450 m* 90 m 185.36°
7 Detached 450 m2 90m 165.36°
3 Arnenity §00 rm? 100 m 185 36°
g Detached 450 m2 90m 185.36°
10 Commercial 450 m= 490 m 185.36°
11 Villa §00 m? 100 m 185.36°
12 Arnenity 600 m? 100 m 165.36°
13 Townhouse 1 270 m? TBm 165.36°
14 Townhouse 1 270 m? T8m 185.36°
15 Townhouse 2 360 m2 84 m 185 36°
18 Townhouse 1 270 m? T8m 185.36°
17 Detached 450 m2 90 m 165.36°
18 Townhouse 2 667 m? 104 m 166.36°
Lot Areas 19 | Townhouse 1 270 7B m 169.60°
20 Townhouse 2 360 m? 34 m 185.680°
:I Less than 100 m? el Townhouse 1 270 m2 TBm 1849 BO®
22 Detached 450 m2 90 m 169.80°
| 100 m2-200me 73 Townhouse 2 360 me B4 m 163 80°
:I 200 m? - 400 m? 24 Comrmercial 450 m* 90m 169.60°
25 Detached 450 m2 90 m 169 .80°
[ 400 m? - 600 m= 76 Amenity 500 me 100 m 169.60°
. 600 m? - 800 m? 27 Detached 450 m2 90 m 169 .80°
28 Cammercial 450 m2 90m 1849 BO°

B 300 m: - 10000 m?
. 10000 m? or more
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Correct building elevations
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Export the new neighborhood

Autodesk Revit & IFC
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Analyze the new neighborhood

What types of analysis in Spacemaker

E[ Buildings

/s Daylight
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Analyze the new neighborhood

Spacemaker

Buy & Spacemakar subscription 1o continue working after your triel ends! Leam more.

® 33 @ 4
__ e oo
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Other analysis results

Working with different sites




Other site studies
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Starmountain

B Dynamo

Lot Areas

D Less than 100 m?
[]100 m?- 200 m*
200 m2 - 400 m?
[ 400 m= - 600 m?
[ 600 = - 800 n?
[ 00 m= - 10000 m?
- 10000 m? or more

LOT SCHEDULE BUILDING SCHEDULE

Townhouse 1 |315m* |W.UDm 0.00° Amenity 300 14320.00 12

Townhouse 2 (420 m* IBJ.UD m 0.00° Commercial 1000 12500.00 50

Townhouse 1 315 m” 88.00 m 0.00° Detached 876 23360.00 73
Detached 525 m* 100.00 m 0.00° Townhouse 1 784 16800.00 112

Townhouse 2 420 m* 84 00 m 0.00° Townhouse 2 720 16000.00 80

Commercial 525 m* 100.00 m 0.00° Villa 70 2100.00 5
Detached 525 m® 100,00 m 0.00° TOTAL: 332 3750 75080.00
Amenity 700m* 110.00m 0.00°
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Mansfield Park

Lot Areas

D Less than 300 m*

[ 200 m=- 400 =

[ 400 m=- 500 =

[ 500 m*- 600 m*

[ e00 m=- 800 =

[ 200 - 1000 ™=

.mnn m® or more
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Customization £
Continuation

What's next ?




Additional Optimization Opportunities

Generative Design’s use doesn’t stop here!

Optimization of bus stop locations

Optimizing planting in the front yards

Park access

Optimize infrastructure layout

o

o

o

O

Power

Water

Fire hydrants
Etc

And many more

o

Limited only by your imagination
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Autodesk Grading Optimization

Autodesk Grading Optimization consists of optimization algorithms that work toward
surface smoothness while accommodating user-imposed constraints. These design
constraints include grading and drainage elements. The constraints are entered as
global parameters and as individual grading element parameters.
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Grading optimization of parcels

n Revit
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Civil 3D

@ ArcGIS Hub

Specialty

Export Lot Areas
to DWG
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Import Digital
Terrain Model in
Civil 3D with ArcGIS

Grading
Optimization

n Civil 3D

.- 99800 NBIrke

Define

Building Pads Perform analysis
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Grading optimization of parcels
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