Methods and Tools for Urban Design

Patrick Janssen

patrick@janssen.name




Context

Issue

Stage 1
Data Collection

Parametric CAD
to GIS

Case Study

Stage 2
Data Synthesis

Parametric CAD
to Game Engines

Future work

Stage 3
Data Mining

Conclusions




Accelerated Urbanization in Aisa - Urban Asia
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* But the rate of urbanization is

North Amenca, and Latin America, but the coming decades are expected to bring

rapid ncreases in urbanzation. By 2050, with the urbanaation of more than
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Delhi Mumbai Industrial Corridor

e Mega project between the
political capital and the
business capital of India

* Includes building new ‘mega
cities’ from scratch

e E.g. Gujarat International
Finance Tec-City

Taking the Road to Growth

A mix of road, rail, port and airport, the Delhi-Mumbai Industrial
Corridor is set to change the business landscape

DMIC Alignment

[ Delhi-Mumbai Passenger DA DRI
Rail Link
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in planning projects zones, high speed freight line,
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Planning Support Systems

A collective term for a wide
variety of tools (Harris, 1989)

The tools emerged in the 1980s

Initially focused on municipal
information systems and land
use-transportation models

By the 1990s, cheap PCs and
GIS based planning systems
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The Challenge in Practice

* Dynamic processes
 Collaborative work
* Time constraints

e Skill constraints
 Tools constraints
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Case Study

* International Forum on
Urbanism (IFoU)

e 2015 winters school in
Singapore
+ Topic

— In collaboration with
urong Town Council (JTC)

Chinese
Garden

[&

— Transform Jurong West area
into an Industrial City

Clementi

. http://ifou2015.sg LEGEND

Existing MRT Route == ® Upcoming MRT Route
Existing MRT Station O Proposed MRT Station
Existing Green Spaces E= Proposed Redevelopment Belt
Existing Waterbodies

flie]




The transformation of the Jurong West area from an
almost mono-functional, segregated and fragmented,
highly polluted industrial area into a major catchment
area for future population growth that integrates
clean(ed) industrial plants with green lungs, attractive
housing and vibrant urbanity for one million people.
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Quantification?

* In general, there was a lack of
guantified evidence

* Problems with working at large
scale

— Quantifying floor areas

— Quantifying densities

— Quantifying travel distances
— Quantifying ...

Data Synthesis

<

Data Collection

Data Analysis
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a Collection Methods

ownloadin
racing
Web scrapin
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Tracing

e Maps from OpenStreetMap had
to be corrected

* Only method was to trace the
images from data.gov.sg
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Web Scraping

A technique of extracting
information from websites
programmatically.

 Used to collect data

— public housing types
— business listings
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Web Scraping

Housing Type Data Geospatial Address Point Data
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Synthesis tools T

* Tools are needed to generate *R I

large-scale 3D models

— Generation process needs to
be highly automated

— Designers need to be able to
define

 Typologies
e Urban variation




Experiments with Esri CityEngine

 Very good at making models for
visualization e

e Butlevel of automation is
limited




Experiments with Sidefx Houdin

° arameters
— Floor Area Ratio
— Number of floors
— Site coverage

— FEFiinrtinn










Project 1: Ecotopia

e Credits

— Andrea Meinarti Rachmat,
Tey Hui Ping Serene, Delon
Leonard, Wu Xin Peng, Loh Sze
Sian

— Urban Planning Studio,
2014-15

— Master of Urban Planning

— Tutor : Prof Oscar Carracedo

ECOTOPIA

A carbon neutral city amidst lush mid-rise liveability

Four goals of ECOTOPIA:

1. New Industrial Model - a leader in research and
development.

2. Hybrid Urban Metabolist System

3. Mid-Rise and Sustainable City - i

4. Unique and Enhanced Liveability

2y efficiency

ECOTOPIA is a vision of a new urban metabolism model.
Bearing In mind future needs of resources according to a
projected 2050 poputation of 7.4 million, ECOTOPIA strives to
become the future sustanabiity model of self-sufficlency by
considering five metabokism elements : water, energy, food.
waste and greenery.

By using the concept of Urban Metabokism as the basis of
planning, Jurong industrial Estate Is to be divided into ECO-
£ celfs, Horizontally, the site is divided into three different
mixed-use belts : residential, Industrial and commercial.
Three different mixed-use cells will make up 3 self-
sustainable ECO-strip.

New industrial metabolism model

B Resicential 100%
Residential 60% : Commercial 40%
Residential 60% : Industrial 40%
Residential 60% : Fackties 40%

Land Use Master Plan
1

Using projected numbers of future demands on resources,

a ‘per person area requirement is calculated, which will be
taken into consideration in cakculating the maximum possible
population.

ECOTOPIA also proposes a new model of industrial chustering
according to the metabolism elements of waste, energy, food
and water. To ensure self-sufficiency, each different industry
Is represented in each cell to then join together in a closed
loop within each ECO-strip,

The new industries in Jurong Industrial Estate will be steered
towards high-end manufacturing, clean energy, and R&D.
The metabolism clusters are allocated based on the existing
context such as the presence of Pandan Reservoir and
CleanTech Park near NTU.

Proposed road network | o

Industrial 100%

Industrial 60% : Commercial 40%
Industrial 60% : Residential 40%
Industrial 60% : Facilities 40%

Proposed public
network

Recreation - 11
Water -9

Ecogid system

Commercial 100%

l Commercial 60% : Industrial 40%
Commerclal 60% : Residential 40%
Commarclal 60% : Faciities 40%

Exsting and

Category 2 Gree: District Parks
Category 3 Green: Community Parks
Green Buffer at jurong island

l Category 1 Green: Parks

ECO-Strips Boundary

Special Use

0 e v vt




Project 1: Urban Metabolism

. redits

— Ravish Kumar,
Tulika Agrawal, Yuting Liu

— Urban Design Studio
2014-15

— Master of Arts (Urban Design)

— Tutor : Prof Jurgen Rosemann,
Prof Low Boon Liang

URBAN METABOLISM

Re-thinking urban metabolism

Urban metabolism is an analogy. It describes the city as

2 Iving organism that requires resources to nourish its
activities. The fiow of goods, people, biota, energy, fresh
water and fresh air is very critical in maintaining the Urban
Metabolism. For jurong Vision 2050, we start with the
consideration of three important aspects: Flow of Goods,
Flow of People and Flow of Water & Green.

One of the big steps of the proposal is to create a spine along
Ploneer road, The spine will consist of an underground goods
moving system, a road transport system and an elevated
MRT system. The second big step is the priority placement

N UI I NIES ]

of the residential-mix land-use along the green and blue
Infrastructure to provide a quality environment for residents.
These residential areas will be connected by PRT lines for the
last kilometer coverage. Third and last big step is to allocate
the industriak-mix along Pioneer road. The central distribution
system is located at the central spine, and connect to an
underground conveyor belt system to the surrounding
industries a5 a secondary mode of transportation of the
goods. Major intersections or nodes on the central spine act
a5 centralites with commercial-mox and residential volumes
on the roof of industrlal buidings.

E=iNUuUS iRk

Industres ang s e housing Underground Comveyor bettfor - ndustries and s rae houss

Irhutt i Baserment cornacted 10 Uncerground corneyor b | §508 Mmows

system
Cammunity greens
Facilties 3nd.

Section through conveyor belt system

Section through MRT and immediate centrality

Programmatic diversity

Residential mix | 38 % | 108 hectare g
" A———
. Amenities
Basin edge landscaping
[ commercial mix | 21% | 65 hectare
I ircustriol mix | 41 % | 103 hectare
Total site area : 87 hectare

FS1:3.2 (average)
Dwelling unit density : 140

Jurong Basin development

e
nont Wndustal baserment connected (0 underground

conveyor bet system
Communty greems
Faciliies and amenities

Ploneer 108
Fiagsnip stores Induseral spine
o

Industrial + Commercial + Residential

Creating intermediate centrality by placing
commercial programmes connected to MRT
and residential at top

Placing mid-rise housing on the rest of the
deck with community green areas

Community green terraces

Second Interaction level as a connected deck
above industries

Ground level | first interaction level

Clean tech Industries and retai and
comimercial programmes connected to
overhead MRT station

Underground conveyor bekt connected to
basement of surrounding industries



Rule-base urban design

e Students defined sets of rules
that controlled the urban fabric

,,,,,,,,

e Rules were based on distances
to certain elements

— Train stations
— Expressways
— Waterfront

— Canals

— Parks
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Existing and proposed extensions in 2030 for MRT lines : East-West Line and Proposed extension of MRT lines for 2050
Jurong Regional Line This area currently lacks public transport connectivity. Extension of the (red) North. Last Kilometer through PRT lines
Propesal to extend the jurong Reglonal Line until Jurong Istand and aiso shift the South Line from Jurong East interchange untl Tuas. 100% of the area covered by public transport in 2050

security checkpoint. Petroleum production will decrease 5o that land can be utiized
for dean industries and hence more need for public transport.

Version 2
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Harbor view (waterfront housing)
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2D Data mining
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Digital workflow

Game Engine
3D

OBl file

3D

CityGML

t
i
i
i
i
i
i
i
i

----»

Data Collection Data Synthesis Data Mining



Digital workflow

Unity3d / Unreal

3D

OB file

Shape file HOUdini Shape file
3D

CityGML

t
1
1
1
1
1
1
1
1

----»

Data Collection Data Synthesis Data Mining



GIS-based data mining
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From 3D CAD to 2D GIS

* AGIS shape file is exported

* Datafromthe 3D o . "
oudinl pele

transferred to the
2D model

 This data can then be analyzed
using existing GIS based tools



Parametric model

Parameters

p|,:,t Fl.ati{: 4_ 54 =J—
Intensity Industrial | 8. 38 |
Intensity Residential 8.975 J‘
I [ ]
Intensity C ial B.651
. J e Parameters are guides
Onentation 1 -=J -

* The model tries to satisfy
the parameters

 ‘Intensity’ parameters are
relative to one another
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* Constant plot ratio



Data extraction from parametric model

Parameters
Plot Ratio | 4.54 D—
Intensity Indusftrial |0.38 G
Intensity Residential 8.975 &
Intensity Commercial 8.651 B
Orientation 1 ; G
3D to 2D
0a_area |oa elevation b| oa_elevation t|oa_gfa |oa num flours|oa type |parce| id |plut id |unique id |
0 23265.2 1.0 73.4 95570.3 15.0 plot 437 1 1830
1 3242.89 14.7 20.7 6485.78 2.0 industrial 437 1 1&830
2 3274.03 14.7 20.7 6548.05 2.0 industrial 437 1 1830
3 1987.65 14.7 20.7 3975.31 2.0 industrial 437 1 1&830
4 1992.81 14.7 20.7 3985.63 2.0 industrial 437 1 1830
5 841.404 i4.4 73.4 11779.6 4.0 residential 437 1 1&830
& 849.516 i4.4 73.4 11893.2 14.0 residential 437 1 1830
i 847.341 i4.4 73.4 11862.8 4.0 residential 437 1 1&830 <
8 839.228 i4.4 73.4 11749.2 14.0 residential 437 1 1830 Data
g 5953.04 1.0 7.0 11906.1 2.0 commercial 437 1 1830
10 60083 .56 1.0 7.0 12007.1 2.0 commercial 437 1 1830
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Shape File




Design decision support

e Workflow

1. Create parameter fields

4 image maps for each option ‘L“‘”@

%55

4 5%@@3@5

L iy

2. Generate 3D CAD model RS -
+ Full CAD model L iy %%—/“‘3
« Simplified GIS model W S

chrmflzmzrmmul %%/7
£ =

3. Analyze results in GIS
 (Quantitative design data
e Buffer analysis



Option 1 — Parameter fields

Industrial Residential Commercial
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Plot ratio




Option 1 — 3D CAD model
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Option 1 — Data Analysis

1. People density
2. GFA
3. Building height
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Option 1 — Buffer Analysis

 Total (residents): 910,000

* 300m buffer: 1% of residents
* 600m buffer: 6% of residents
*  900m buffer: 14% of residents
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Option 2 — Parameter fields

Industrial Residential Commercial

Plot ratio




Option 2 — 3D CAD model
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sum 48613

Mean 50034 3
Median 5

st dev {pop) 6.67577

St dev (sampe)

Option 2 — Data Analysis

1. People density
2. GFA
3. Building height
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Option 2 — Buffer Analysis

650,000

Total (residents)

2% of residents

300m buffer
600m buffer
900m buffer

9% of residents

20% of residents
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From 3D CAD to 3D Game Engine

e Data from the 3D model is

exported as an OBJ file
e The model can then be

interactively explored with real-
time effects

— Rain
— Wind
— Noise




Visual analysis - Unity3D
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Visual analysis - Unreal
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Network Analysis

* Network Analysis will allow a
additional types of analysis

— |Isochrone analysis
— Space Syntax analysis
— Walkability analysis

 Requires a well defined network
of roads, transport links, and
other pathways
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Isochrone analysis

A map connecting points of
equal times

Requires a connected network
with travel speeds define for
each link in the network
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Space Syntax Analysis

* Various types of centrality
analysis ST e ML | P T

3 _
" . "~ .

* Requires an axial map of the -
street network - o5

 SpaceSyntax plugin exists for
QGIS
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Walkability Analysis

For example, WalkScore

Requires location of amenities
such as shops and schools to be
define

For existing neighborhoods, the
data can be extracted from
OpenStreetMap
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Urban Optioneering Platform

A future platform that
integrates all these tools

Urban Optioneering Method
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iterative
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Build models
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