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col-lab-o- rateverb \kes-'la-bo- rat\
intransitive verb

Definition of COLLABORATE
1: to work jointly with others or together espdgiain an
intellectual endeavour;

2: to cooperate with or willingly assist an enenfipne's country
and especially an occupying force;

3: to cooperate with an agency or instrumentalith which one
is not immediately connected.

— col-lab-o-ra-tionoun

— col-lab-o-ra-tivadjective or noun

— col-lab-o-ra-tive- lgdverb

— col-lab-o-ra-tanoun

Examples of COLLABORATE

The two companies agreed to collaborate.
He was suspected of collaborating with the occupgimmy.

Origin of COLLABORATE

Late Latincollaboratus past participle otollaborareto labor
together, from Latitom-+ laborareto labor

First Known Use: 1871

[http://www.merriam-webster.cdn
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PART Ill- GENERATIVE AND PARAMETRIC DESIGN

A Generative System to support architectural and
urban design

Giuseppe PeIIitterll, Raimondo Lattuca

l'ﬁDipartimento di Architettura, Universita di Palermkaly
l'thtp://unipa.it/~dpce
lpeIIitt@unipa.it,zlattuca@unipa.it

Abstract. The work presents a system able to generate ¢himgensional models
of buildings, directly within a 3D geobrowser as age EartfiM. For this
purpose we have developed the prototype of a paranagplication that allows
the designer to handle the architectural shape gilyguthe main constraints
belong to urban regulations.

The system integrates two different research topizsielling in geo-referenced
environment and modelling constraints. Comparettheéaelated works (Building
Modeling within georeferenced environment), our lagpon is the first
Generative Design System based on the urban regulétis a Decision Support
System (DDS), useful at the early stage of citywpiag as well as at the stage of
architectural design.

Some case studies are presented in order to ee§teherative Design System:
the design of residential buildings in an Italidty.c

Keywords. Generative design; architectural design; urbanside;
georeferenced environment.

1. Introduction

The software implementing complex algorithms basadparametric techniques,
evolutionary systems, and shape grammars to moctitecture, has been the focus
of interest in the past years. Several digital glesdols enable designers to manage
an interactive architectural design process geimgratne building or a very large
urban place (City Modelling). Some generative systeallow to bridge the gap
between architectural shape and various forcesonstrints emerging from the
context. Among these, the systems implementing smmstraints derived from the
urban regulation are particularly interesting.

One of the most remarkable examples is CityZoonki€unicz et al., 2008). It
is a Decision Support System (DDS) to urban plagiine buildings are generated
by applying urban on plot geometry, according tpuinparameters. The system
determines the geometrical features of the buildulich have to be assessed or
optimised, such as number of floors, front or sikdth, and plot occupation. It is a
powerful tool to evaluate the impact of urban regjohs.

| 167



A Generative System to support architectural arshnrdesign

Urban Generator is a hybrid system integratinggineerator of a large number
of design solutions and the browser to search #mrttare the high-dimensional
space of the design solutions, according to variahd customisable factors defined
by the designer. It allows user to simulate diff¢énerban scenarios considering as
input, total building volume, front and depth dirsems, floor number and height,
number of buildings, minimal distance between bogd, minimal distance from
the edge (Caneparo et al., 2007).

City Generator (Tang, 2008) is a tool for urbanudation. The central feature
of the tool is a Genetic Evolution (GE) engine, ethtcan quickly generate various
urban forms by the combination of L-System conewlprocedural model and the
GIS map controlled SO (Spatial Occupancy) model.

CityCAD develops the automatic generation of buigi. This system allows
analysis of urban masterplans at the early dediages. It calculates floor areas,
densities, costs, car parking spaces and a widgerasf other planning,
environmental and financial data.

Prototype for Urban Code Constraints is a DecisBupport Systems that
simulates several options for the building shapsgoeding to the parameters
required by the city zoning planning, such as ‘Balile coefficient’, ‘Site coverage
coefficient’, ‘Setback requirements’ and ‘Sky expues plane’ (Donath and Lobos,
2008).

Another example is the Parametric Envelope (Malliaint2006), which allows
designers to create prototypes in R&vthe urban code is turned into computable
data and theoretical volume is shown in real time.

ArchiGen is a generative application that enablesighers to generate
architectural shape, within a Building Informatidfodeling (BIM) environment
like ArchiCAD®; it is based on GDL (Geometrical Description Lamge). The
designer is able to explore architectural schagechmnging parameters such as
‘floors count’ and ‘floor height’ (Mallasi, 2007).

High FAR allows designer to generate a high-leesldential district planning,
with the focus of a layout of high ‘Floor Area Rat{FAR). The tool is based on the
principle of Multi-Agent System (MAS) and simplergtic algorithms (Biao et al.,
2008).

Besides, formal local planning codes, patterns o¥ement, social codes, and
other interventions, which affect the architectusabpe, can be included in the
process to obtain a new modelling technique (Eoinkand Lloyd-Jones, 1997).
These patterns may be used to explore the emepgamerties of different types of
the urban settlement. Moreover, they can suggegs wawhich the planners could
beneficially influence the development processed #re otherwise beyond their
control.

In the architectural design process, the desigaessable to handle other
constraints such as architectural features of tivelepe, types of facade as well as
types of windows and roofs. An interesting exanipl&plit Grammars (Miller et
al., 2006). It is a technique derived from shapamgnar, which generates many
configuration alternatives of the building facade.
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PART Ill- GENERATIVE AND PARAMETRIC DESIGN

The morphogenesis of architectural shape coulcelfenmed by using climatic
or physical features, such as solar radiation @al®005) and solar passive
evaluation (Marin et al., 2008), based on the \édifbay Degree (UDD) method.
They lead to the optimisation of architectural déopes through a Genetic
Algorithm to minimise HVAC and lighting energy, ithe first case, and solar
passive qualities in the second case.

CityEngine (Parish and Miiller, 2001) is a tool lohea ‘Procedural Modeling
of Cities’; it was developed to enable designergdnerate many digital models of
buildings and cities, changing a set of specifikeguthat can be managed by
designers.

Wall Grammar is used to automatically generatedingl facade (Larive and
Gaildrat, 2006). The tool imports GIS data such.@s’, ‘.vmap’, containing the
building footprints. The building outlines and Haigy can be either obtained
automatically or defined in a GIS environment. Thie@ system uses such data to
create 3D building models.

The most recent development of Geo-Visual Analytiffers to designers and
city planners new opportunities. Some systems, sschWorld Win@ (NASA),
Google Earth" (Google), Virtual Earth (Microsoft), provide three-dimensional
models of earth surface. The information availahi®ugh geographical services
can be employed to create 3D representationsrébte scale that are usel for to
land planning and urban design.

2. Overview on implementd rules

We present a System able to generate three-dimmabsinodels of buildings,

directly within a 3D geobrowser such as Google ¥t We have developed a
prototype of parametric application that allowsideer to generate digital models
of buildings by using the main constraints basecudran regulation. The System
integrates two different research topics: modeliimggeo-referenced environment
and modelling constraints. Compared to existingks@bout the building modelling
within georefenenced environment, our applicatiorihe first Generative System
based on the use of urban regulation.

The urban planning regulation establishes somenmisas and constraints to
control urban structure, shape of the buildingsthett geometrical features, such as
height (H), number of storeys (SN), storey heigji}, @rea of the floor (), area
of the building footprint (Aotpring, distance from boundaries plot)(dvithi = 1, 2...
SN, We take into account the following set of pagtars:

e Building Index (Bl): multiplied by the area of th@ot, determines the

maximum volume of the building.

e Coverage Ratio (CR): multiplied by the area pletedmines the maximum

area footprints.

e Maximum building height (Ha9: the maximum vertical distance between

the ground level and the highest point of the bngd

e Maximum storeys number (SN).
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e Setback requirements: the minimum distance betweesides of building

footprint and the plot boundaries (RB.

e Minimum storey height {,i): the minimum vertical distance between the
floor and the ceiling of an inhabitable room.
Each of these parameters affects the volume antiealjeometrical features of

Bl > Z(h Asoor) / Apiot
CR = Aootprint/ Aplot
Hmax > z(hi)

SNhax > SN

DBmin > di

hs—maxz h 2 I'.!;—min

the buildings, through the following relations (&ig 1):

1)

()
)
(4)
()
(6)

Term Ay represents the area of building plot. The maxinstioney height (h
mad IS an important parameter for the generative ggsand it. is not indicated in
urban planning regulation, being set by the desigaecording to specific
architectural requirements. The relations 1, 24,35, 6, duly codified through an
object-oriented method, become generative rulesethable designer to create 3D
models of the buildings.

i I3
1
d e B
+ Afioor 3 2 < Hos
TTTTTTT T 1/ building plot T
P ' Afioor 2
y ' - > [l
boundaries P ST ] [l & s
a = j,-’,’ : d &
- Afbor 1 7
& 4

Figure 1
The geometrical features of a building generatetbeding to urban planning regulation,
duly codified through an object-oriented method.
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3. The System

The System is a Decision Support System (DSS)ulsefthe early stage of city
planning and architectural design. During the g@tsnning process, the system
allows the planners to evaluate the impact of timam regulations and therefore to
choose the best set of rules and parameters inr dodeachieve the desired
environmental goals. It also enables the designerteractively operate in the early
stage of the architectural design process. It altve designers to optimize specific
formal requirements, and generate 3D model of mgkl according to the most
significant urban parameters. The designer canoexphuickly many urban
scenarios and various possible alternatives oatbieitectural shape. He can change
the value of selected parameters and visualizeahtime the results of the changes.

The architecture of the developed System is basedawa Enterprise Edition
Environment and XML mark-up language. The Systemmsists of three
components: Data Processor, 3D Model GeneratoVesudlizator.

Data Processor implements the generative rules describing theamrb
regulations, the geometrical and topological relsj and it carries out
computational tasks including conversion of cocaitis vertices (from latitude and
longitude units to meters), determination of geaitat attributes of the building
models, such as building height, storeys numberegs height. The outcome
consists of a list containing the vertices (x, Maztriangulate.

3D Model Generator is based on ‘COLLADA’ (COLLAborative Design
Activity) and ‘.kml' (Keyhole Markup Language) temblogy. It generates two
format files representing the building model: ‘mbdige’ and ‘model.kmz’. The
‘model.dae’ is exportable into many commercial CAdftware; the ‘model.kmz’
consists of a compressed file, which contains munébrmation about the 3D
models, not only the geometrical attributes bub ale texture of facades and his
location on the earth surface. The ‘Texture Libramgntains many data images
(.jpg, .bmp, .gif), consisting in textures to apply the ‘model.dae’. The designer
can always access inside the ‘Texture Librarygiider to update and enrich it.

Visualizator enables designer to use the powerful 3D viewer thrdother
features provided by Google Edfth It is based on a Java class that launches
Google Earth" and places the ‘model.kmz’ on the earth surface.

The parametric Graphical User Interface (Figurele®t) allows to control
specific data:

Geometric input file, ‘.dxf, ‘.shp’ and the ‘kml' formats, which contss
polygons (building plots or building footprint). @hdesigner defines different
polygons (‘polyline’ command), such as convex, @ regular or irregular ones,
by using the commercial CAD software or GIS systeiiise input file must be
georeferenzed, in order to achieve a correct \vigatagdn of the building models
within the 3D Geobrowser. The system supports dexmmeced files, not only in
latitude/longitute units, but also in UTM (Univelseransverse Mercator) units.
UTM coordinates are more preferred than latitudeiude, because the system run
very quickly and efficiently.
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A Generative System to support architectural arshnrdesign

Parameters input are defined by urban planning regulation, suclakling
index, coverage ratio, maximum building height, maxm storeys number, setback
requirements, minimum storey height; other requipstlameters are maximum
storey height and texture of fagcade.

The designer manages the interactive generativeegso(Figure 2, right): he
sets the parameters, loads the geometric inputafié runs the application; the
System calculates geometrical attributes of thédimgj, generates 3D models and
displays them in Google Eafth Parametric and geometrical modifications involve
the automatic regeneration of the 3D models withrahitectural features.

I - Input IV - Display in

- Parameters ae., Google Earth

> Bunlding plot / / V4 '_,; \
‘*»-.—. ';-____./ /’-‘ -

f’/ .n‘.- . '.'1"

— g
P i
- 11 -Data processing III - 3D Mf:del Genemtipn
an EE? (dxf. dae, kmz oby)

Figure 2

Left: Parametric Graphical User Interface. Righhe&generative process: building plots (A);
the System calculates the vertices of the floarsraing to the generative rules (B); 3D
building shape is generated and consisting of gialar mesh (C).

The compatibility with the architectural CAD systemas one significant issue
on which the work has been focused. The compatibdi especially important in
order to enable the designer to interactively hantifie input file, during the
generative process. Referring to input stage, tysteB is able to interface itself
with many kinds of software supporting three widebged file formats, such as:

CAD systems supporting the “.dxf format: AutoCRD ArchiCAD®,
Microstatiorf, Autodesk Map 3B.

GIS systems, supporting the ‘shp’ format: Ar¢GisfGIS®, PostGi§,
GrassGi§, gvGIS’, OpenStreetMéh

3D Geobrowsers, supporting the 'kml' format: GaogEarth™, Nasa
Worlwind®.

The application combines the modelling ability oA systems with the
several opportunities offered by Geovisualizaticasd 3D Geobrowsers; the
interactive environment enables the designer toentdtter decisions. The System
was designed to display the outcome in Google B4rdnd allow designers to
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navigate through a three-dimensional scenario, lwhépresents the city modeled,
with the blocks, plots, buildings and reconstrucsiof the 3D terrain.

The designer is able to export the three-dimensiomalels generated by the
System, even within the most commercial softwaelis the field of architectural
design. The '.dae’ extension of the digital modehldes the export within CAD,
GIS and CFD systems, including AutoCADRevif®, 3D Studio MaR, Blendef,
Mayd®, Cati&, MicroStatioff, Pose?, Cinema4l$, Softimage XSi, MeshLal5,
CityEngine, SketchUpPf Simlab Composer 2 Arc2Eartf?.

The CFD (Computational Fluid Dynamics) systemsgegnated with the
architectural digital model, allow to predict temgeires, air flow
direction/velocities and pollution dispersion, thsithe urban space during the early
design stage.

The designer are able to make architectural changesmodify architectural
shape or urban configuration until to get desieslitts.

Two considerable CFD packages are €Fand Fluert. The New Fluent
releases enable designer to use directly the rgistative CAD geometry, without
translation to “.iges’ or other intermediate geamgat formats. Both CAD and CFD
systems allow the designer to achieve a completalation, and to take in account
many constraints, not only urban regulations ben alimatic features.

4. Case Studies

We present three case studies concerning the debiguildings in a peripheral area
of Palermo (ltaly). Each of these allows to gereratrange of possible formal
solutions and evaluate the results of their spatiganizations. In order to facilitate
the simulations and to make these more concretehave avoided forms totally
invented, without any reference to spatial aggtiegatreally possible.

So we have referred to projects done in threerdifiteEuropean cities: Zandaan and
Rotterdam (Netherlands) and Berlin (Germany), whibbwever have had
relationship with an environment very similar t@slk taken into account. We have
also chosen very different configurations, refertted three different types of
buildings: tower, courtyard and terraced houses.

In the first case we have referred to the projecwn as 'Salamander' designed
by M.A. Miguel and L.B. Mastenbroek and realizedZimandam (1999-2006). The
building consists of 79 apartments with a courtyarth a free public space, and 14
service apartments and community facilities.

The outline of the building and its height haverbdeliberately opposed to the
urban context, which is a neighborhood with terdabheuses and multi-storey row
houses. The scenario of the planning allowed tmeilsition to assess the inclusion
of the building in the urban context of the Palelsmmeriphery (Figure 3).

The second case concerns the building called 'DgeRuone of the 13 blocks
of apartments designed by F. Van Dongen and AwtieiteCIE for 'Mullerpier', near
Maas River, between downtown and Rotterdam-West.shape of the building has
been derived combining two different types of haysmurtyard and tower. The
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scenario was generated aggregating several buslgirgperly arranged, forming a
whole block in the neighborhood in accordance wviiib urban regulations of
Palermo (Figure 4).

Figure 3

The ‘Salamander’ building (M. Loosand and B. Mabteek, Zaandam, Netherlands, 1999-
2006). The 3D model was used to simulate an urbanasio in an peripheral area of
Palermo, Italy (Google Earff!).

=
T |
Figure 4

The building ‘De Ruyter’ (F. Van Dongen, Milllerpi&otterdam, Netherlands, 2005-2008).
Its 3D model was generated aggregating severatingk within the same area.

The third case deals with terraced houses desigyedrchitect K. Muller-
Rehen (Cambi et al., 1992) and built in Berlin (@Gany, 1956). The generated
scenario shows that the buildings have been ardamgegroups of four units
following the inclination of the area chosen fansiation (Figure 5).
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Figure 5
The ‘Row houses’ (K. Muller-Rehen, Berlin, Germa$h6). The 3D building models
generated and displayed in the same area

Conclusions

The results show that using specific informatiod tools, in the early stages of the
architectural design or the city planning, reduttes time of work, and allows to
explore many alternatives in a short time. Manyfidifties have arisen when
collecting information. The most complex problemswihe difficulty in finding
relationship between elements that are often dérdifit nature, defining significant
variables characterizing the urban context. Somér@mmental features could be
easily identified and encoded: geometric componastheight, floor number, area
of building footprint and other aspects derivechirgeneral regulations. However,
other types of environmental factors, such as sauédes, economic factors and
psychological aspects, are very often difficultrimslate into generative rules.

The most complex issues dealt with finding and anpgnting relationship between
various types of features, as well as defining ifitant parameters characterizing
the architectural shape and environmental contdany actions limiting the shape
derive from considerations that can not be immetjiatranslated and represented
according to predefined codes, therefore givinggiorito qualitative natural
evaluations. Aside from the complexity itself bouadconcepts that rules a planning
process, these difficulties sometimes also impogartial behaviour to coping with
the planning aspects. Then we have to leave out safnit that may be at times
necessary, in order to research simplifications tha complexity of the system
requires.We will improve the System in order tordduce other kinds of
parameters, specially typological and formal, ttaistraint the shape to urban local
conditions or to specific needs. Besides, otheirenmental features will be added
to better simulate the effects of the context. Fmtance, physical and climatic
factors such as solar radiation. A better systengesferating architectural shape
could be developed by dividing the space of a Imgldnto functional units,
connected and related between them. We would iaclygbmetric rules for the
generation of streets, lots, and land-use on al scele.
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