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Abstract
An interdisciplinary approach to urban solutions can inform the preliminary design stages. As
a case study, an open platform to visualise 3D planning regulations will be presented.
Building legislation uses the written word to describe the building envelope, yet this raises
the challenge of interpretation and therefore delaying site analysis. When the building
legislation controls are converted to computerised logic, the building envelope produced aids
the built environment designer through a decision-support system. Thus, creating a feedback
system between the designer and the law. The designer is equipped with the toolset to
produce a building form within legal parameters. This can then be dispatched to architectural
programs for further refinement. The workflow introduces data interoperability and
interdisciplinary practices to produce informed preliminary design, and therefore better urban
outcomes.
Keywords: Urban Planning, Computational Design, Geographic Information Systems,
Design Tool, Web App, Data Interoperability, Site Feasibility
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Definitions
This research was part of a two-part theses, completed in collaboration with Cox Architecture
and fellow research partner Nazmul Khan.
Although these terms enjoy a rich and interesting life outside of this study, for the purpose of
this paper, the following terms will be defined as follows:

Term

Deﬁnition

Algorithm

A process or set of rules to be followed, by a computer, usually
to calculate or perform problem-solving operations.

Computational Design

Refers to the application of computational strategies to the
design process.

Modularisation

The process of dividing up a script into its separate functions, so
that the modules can be reused.

Parametric Design

The application of algorithmic methods to define design
relationships and produce a response to apply to buildings and
urban organisation.

Urban Planning

The process of design and organisation of urban space. Deals
with the development and use of land, permissions, protection of
the environment, public welfare and infrastructure.

Geographical Information
Systems (GIS)

A computer system where spatial and geographic data can be
stored, managed, analysed and maintained.

Visual Scripting

Any programming language that lets users create programs by
manipulating elements graphically rather than textually.

Grasshopper

A visual scripting environment used to create programs that
generate and manipulate geometry and data. It is a plugin for
Rhino.

Scripting

Any programming language that automates the execution of
tasks, carried out by the computer.

JavaScript

A programming language, commonly used to create interactivity
on websites.
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React.JS

React.JS is an open-source JavaScript library used for creating
stateful user interfaces on websites. Instead of re-rendering the
whole page if there is a change in content, React.JS only
re-renders the component that has changed state. It was
created and is maintained by Facebook.

Application Programming
Interface (API)

A set of functions that allow a website to interact with an
application to provide an additional service or functionality. For
example, in this project we use Mapbox’s API to provide the
map for the application.

Mapbox

Provides custom online maps for websites and application,
using open source information from OpenStreetMaps and
NASA. Some applications that use Mapbox include Uber and
Airbnb.

Open Format

A file format for storing digital data, defined by a published
specification, which can be used and implemented by anyone.
E.g. Portable Document Format (PDF), widely used to transfer
and present documents.

Open Source

Software that distributes it source code, that anyone can
inspect, modify and enhance. The opposite to this is ‘closed
source’ software, where only the organisation who created the
source code can make modifications (Opensource, 2017).

GeoJSON

An open file format for encoding geographic data.

Building Information Model
(BIM)

A 3D model that holds information about the buildings attributes
e.g. number of rooms, quantities of objects, etc.

Building Envelope

The space a building occupies on a site.

Maximum Building
Envelope

The maximum space a building occupies on a site.

Built Environment

Individuals who work in the built environment that design for
man-made surroundings, including buildings, parks and
transportation systems.

Designers

Local Environment Plan

Legislation for planning decisions for local government areas.

(LEP)
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Height of Building (HOB)

The maximum height of the building allowed by the LEP.

Floor Space Ratio (FSR)

The Floor Space Ratio is the ratio of the total area of a building's
floors to the area of the site, as dictated by the LEP.

TL;DR

Internet slang for ‘Too Long; Didn’t Read’ often at the end of
lengthy web articles and posts to summarise the content. In this
context, it is used to summarise chapters and remind the reader
of important points that the chapter covered.
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Introduction
This research aims to blend the disciplinary boundaries between computation, urban design
and the law. The law dictates the physicality of the city, through a set of controls. Built
environment designers have to comply with a series of documents in the Local Environment
Plan (LEP) in which information is often convoluted and complicated to interpret. Interpreting
these laws for each project is a lengthy and costly process, for both the client and the
architect (Didech, 2015). Introducing computational design techniques into urban planning
workflows would enable automation of repetitive tasks. A combination of interoperability
between programs and new workflows enables urban planning ‘to be flexible and dynamic
with a view to the future.’ (Verebes, 2014). The law could be communicated more efficiently
if designers were able to observe a 3D representation of building legislation. Designers
would be able to design within these explicit conditions, aiding preliminary site analysis.

Figure 1: The interdisciplinary overlap of the study.
In collaboration with Cox Architecture and the University of New South Wales (UNSW), the
following research project was investigated in parallel with a fellow student, Nazmul Khan.
Khan’s thesis Adjudicating by Algorithm: Scripting building regulations to generate
14

permissible forms explores how the law can be translated into a script to create building
envelopes.

Figure 2: The division of the theses.
This thesis, Adjudicating by Algorithm: Creating an open web platform for interaction with the
law, takes these permissible forms and presents them on an open platform where built
environment designers see and interact within the legal building envelope. Thus,
streamlining the preliminary design process with a decision support system.

Problems in Urban Planning
The city is arguably ‘...among the greatest technological achievements of humankind.’
(Kwinter, 2008). The city is a technological, social and organic object (ibid.) that concentrates
social density and productivity. Issues of functionality and livability are addressed by
government bodies as Local Environment Plans (LEP) to maintain equilibrium and growth
(Department of Infrastructure and Transport, 2014).
The Sydney LEP 2012 is an urban strategy that maintains Sydney’s position as a
metropolitan center, through controlled sustainable growth and development of building
structures (New South Wales Government, 2012). This is done primarily through regulating
the height and density of buildings, preserving heritage sites and greenspaces. The LEP is
publicly accessible online1, but is difficult to interpret. ‘Zoning codes are often amended by
adding additional layers of regulation onto the already complex code, making it difficult, if not
impossible, for even city planners to understand and consistently interpret. Designers must

1

https://www.legislation.nsw.gov.au/
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therefore comply with many disjointed rules to produce a compliant building form.’ (Didech,
2015).
The LEP is comprised of legal prose and maps in a PDF format. The written LEP refers to
maps of the area in question, and specify which sites are within which zone. There may be
as many as 20 sheets for each layer of information. The maps only communicate one layer
of information at a time. If we consider the accumulation of land use maps, heritage maps,
height of building and more, conducting the first stages of site analysis can be an extensive
process.
‘The complexity and opacity of zoning hinders development, making building construction
more costly and time-consuming’
Didech, Flux Metro: A Better Way To Visualize Development Code, 2015

Figure 3: A zoning map of the City of Sydney (DP&E, 2012).
In a fast-paced architectural firm, it is important that this initial site analysis is conducted
quickly and accurately. If the site analysis process could be streamlined, the built
environment designer would have more time to design an outcome to better serve the client,
the community, and the city as a whole.
16

Computational Design
Many disciplines stand to benefit from the evolving field of computational design. From
Ahlquist and Menges’ book, Computational Design Thinking, the field is ‘...an accumulation
of multilayered concepts ranging from systems theory and cybernetics, to morphogenesis
and developmental biology.’ (2011). The history of computation in architecture began in the
1960s, where graphical systems were used to emulate traditional drawing tools. Around this
time, cybernetics was popularised as a field, investigating the ‘...man-machine relationship,
simulating how computers may be utilised to expand the human intellect, rather than work
redundantly…’ (ibid.) Computational design therefore represents the shift in thinking from
architecture as a material object, to a system of interrelated components that result in design
outcomes. Thus setting up parametric relationships to geometric forms (Kwinter, 2008).
In practice, computational designers primarily work with visual scripting languages, such as
Grasshopper. When Grasshopper is used in conjunction with Rhino3D, a 3D modeling
program, architectural designs can be exported and fabricated. Scripts are a graphic
representation of the steps used to generate the design. Data fed into the inputs of the
functions dictates the final form. Manipulation of this data can result in an iterative design
process.

Figure 4: A simple function in Grasshopper with basic transformation of data.
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Figure 5: The figure shows parametric relationship between a point and geometry.
Depending on the distance of the point to the panel, the panel is scaled. The task is
computed much faster than manual work.

Computational design can be used to design and construct built forms such as the Institute
for Computational Design and Construction (ICD) Research Pavilion, Stuttgart. The design
concept was based on a biological study of water spiders, whose techniques can be
analyzed and abstracted to inform construction processes for fibre-reinforced structures.
Exploration into fibre and machine construction allows for efficient use of materials and
robotic construction processes. Carbon fibres in the pavilion were ‘...selectively applied
where they are required for structural reinforcement, and the pneumatic formwork is
simultaneously used as a functionally integrated building skin.’ (ICD, 2015)
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Figure 6: ICD Research Pavilion 2014-15, exploring computational design in the simulation
and fabrication of built forms (ICD, 2015).

Figure 7: Elemental simulation in the design processes of the Research Pavilion allows the
feasibility of the task to be evaluated (ICD, 2015).
The complex interweaving of relationships creates architecture that is strong, lightweight and
material-effective. However, a common misinterpretation regarding computational design is
that it transforms architecture into a process ‘supplanted by algorithms’ (Davis, 2015). Ideally
the visual script in Grasshopper can capture the design intent and support design decisions,
rather than make the decisions. Computational design can thus help bring more logic and
design reasoning into the built environment.
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Tools of the Trade
Grasshopper is one of the most commonly used computational tool in architecture. The
visual scripting program has a library of components, which perform specific tasks. Users
can make their own specialised components, which can contribute to the functionality of the
software. These components can be packaged as plugins, and made available online for
download. For example, Ladybug is an environmental plugin for Grasshopper (Roudasri,
2014). It provides Grasshopper with the ability to perform environmental analysis. Other
computational tools include Autodesk’s Dynamo2, allowing visual scripting of Revit
components, and X’s (previously named Google X) Flux3, connecting building data between
different interfaces. In McAfee’s and Brynjolfsson’s recent work, ‘Machine, Platform, Crowd’,
they speculate about a new expanse of computational tools:
‘Autodesk and other companies are working on better tools to support creativity. These
next-generation products will do a few things differently. First, they’ll let people test out the
overall feasibility or appropriateness of their ideas before asking them to do lots of
‘eleventh-grade geometry.’ The archetypal first design is a sketch on the back of a napkin.
The digital tools of the near future will be able to take something like this sketch - something
produced quickly, in a moment of inspiration - and give quick and accurate feedback about
whether it’ll work...’
McAffee and Brynjolfsson, Machine, Platform, Crowd. 2017, page 120
To summarise, a toolset that would be able to compute an accurate vision of a sketch’s
feasibility. These tools move from replicating traditional architectural drawing methods to
taking advantage of the iterative power of computers (Menges and Ahlquist, 2011).
Thus, the objective in this study was to develop a computational tool that integrates a visual
representation of the law. Using this, developers work easily within legal bounds, sketching
designs on site in a map interface. An interactive system where ‘management, integration,
presentation and distribution of complex urban geo information, or related planning
information’ can be created (Döllner et al, 2006).

2
3

http://dynamobim.org/
https://flux.io/
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Algorithmic Law
The logic of most laws can be embedded into a machine process, through the encoding of
relationships of parameters (Meltzer, 2014). This development would allow for the law to be
visualised in 3D, and therefore readable to the layperson.
A current example of a computational law system would be a digital tax form system. Based
on values supplied by its user, the program automatically computes the user's tax obligations
and fills in the appropriate tax forms. This lowers the legal literacy required to operate within
the bounds of the law, therefore making them accessible for the layman. ‘Programs must be
written for people to read, and only incidentally for machines to execute.’ (Abelson, 1979). If
this concept was applied to the built environment, the conversion of planning laws into logic
could then be processed by a computer. Thus, this could be an alternative to the current
documentation of laws as legal prose. This is particularly ideal with laws that are based on a
series of statements, as they are more straightforward to translate into conditions within a
computer system.
Yet, law as code is still almost unreadable to the layman. With the laws as logic in a
program, the 3D envelope can be visualised, and therefore human readable. This hides the
underlying complexity of the law, and clearly shows the result of legislation. This is reitteraed
in Dobuzinskis 2007 work, Policy Analysis in Canada: The State of the Art:
‘Decision-makers and senior government officials are overload with information and are
captive of the crisis or issues of the day. They rarely find the time to give proper
consideration to research findings... More emphasis has to be put on knowledge transfers
and finding appropriate mechanisms to package and convey the results of the policy
research to senior officials and Ministers.’
Dobuzinskis, Policy Analysis in Canada: The State of the Art, 2007
Algorithmic law and 3D envelopes could be a useful tool for councils who define the
regulations, and designers to who plan within them.

21

Motivation
Industry Partner
Cox works at the intersection of technology, design and legal frameworks. This thesis
extended Cox’s understanding of all three of those spheres and provided promising
directions for commercial application. Important to Cox was the way the thesis was
presented. Web technology will be core to the way architects communicate content and this
thesis substantially advanced Cox’s ability to use this medium.

Aims
Our motivation is to make it easier for built environment designers to interpret, design within,
and comply with the law. This will allow the designer to have foresight of their actions.
Therefore the project aims to connect the law, computational tools and GIS software into one
workflow. The aims of this research are as follows:
●

To investigate how open data can help inform better urban planning decisions

●

To explore web applications as a tool to promote computational techniques

●

To streamline preliminary urban design stages

Research Question
Based on observations by McAffee and Brynjolfsson (2017), Menges (2011), and Didech
(2015), the research aims to answer the core research question:
How can legal building envelopes drive and inform the early stages
of urban design?
Khan’s paper, Adjudicating by Algorithm: Scripting building regulations to generate
permissible forms, converted the law into 3D building envelopes. This thesis has the
objective to utilize these legal building envelopes and create a decision support web tool for
built environment designers. Designers can use this feedback system with the law to drive
and streamline preliminary design processes.
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Methodology
Research type
Action based research was used to drive better workflows between urban planning,
computational design and the law. This type of research is a reflective process with constant
problem solving, continuing until the research question is answered (O'Brien, 1998).

Figure 8: A cycle of ‘learning by doing’ (ibid.) is common in computational design practice.
With Cox Architecture as an industry partner, they defined the boundaries to work within and
also provided technical support throughout the research. A review of literature and
precedents facilitated an understanding of current problems and constraints within the
discipline, and helped shape the prototypes developed as part of this research. Additionally,
interviews with planning lawyer and senior planner gave insight to the industry from their
point of view and allowed a specific understanding of how policies are made, tested and
evaluated.
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Figure 9: Methodology

Four Prototype Tools
To achieve an interdisciplinary workflow between computation, urban planning and the law,
four tools have been developed over the course of this year. They facilitate converting the
law to code and connecting a 3D form of the law to a web app where 3D spatial
configurations can be solved.
The tools include:

🐳 Beluga: Building Generation Script (Nazmul Khan)
This generates the legal building envelope for sites in Sydney. These rules, when
coded, are explicit and ensure that the building designed within Dugong is in
regulation. For more information regarding the development of Beluga, see Khan’s
paper ‘Adjudicating by Algorithm: Scripting of building regulations to visualise the
permissible form.’

🐳 Humpback: Grasshopper Plugin (Nazmul Khan)
This is a GeoJSON translation tool, connecting GIS platforms with computational
tools through the data interchange format of GeoJSON. It has been uploaded for
public use on the Grasshopper plugin site, Food4Rhino.
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🐳 Dugong: Web App (Madeleine Johanson)
Dugong is an open source web GIS platform called Dugong. It is a decision support
tool for urban planning, acting as a visual communication platform. This will be used
as a method to represent the building generation script, allowing users to design
within the various clauses of the legislation for any site in Sydney through an
interactive and responsive interface. Once Beluga creates the legal building envelope
of Sydney, it can be sent using Humpback to a web GIS platform to be visualised.

🐳 Minke: Grasshopper Plugin (Madeleine Johanson/Nazmul Khan)
This plugin for Grasshopper enables the form drawn in Dugong to be imported into
the Grasshopper workspace. It also allows for versions of the 3D form of the law to
be saved on an online repository.
Khan’s paper, Adjudicating by Algorithm: Scripting building regulations to generate
permissible forms, investigated the creation of Beluga and Humpback, the first two tools.
These focused on converting the law to code in a machine readable format.
The core of this paper are the outcomes achieved by the tools Dugong and Minke. These
tools aid the communication of the law to built environment designers and facilitate a
preliminary design workflow.

Figure 10: Breakdown of work between the two researchers
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Interviews
There were interviews at two stages of the project. The first group of interviews were used to
understand the background and context of the industry. The second group of interviews was
conducted after the design outcomes were made, as a form of testing and evaluation.
Different participants were recruited for the first and second interviews.
Semi-structured interviews, as described by (Drever, 1995) were used as a way to gain
industry knowledge from the perspective of planning lawyers and senior planners. The
interviews were used for contextual knowledge about the field, to inform the scope and
direction of the thesis. The semi-structured interview format allowed the interviewees to
speak about a diverse range of topics in their field; it unearthed issues and complications
that were undiscovered in the literature review phase. The interviews helped drive the focus
of the thesis.
It consisted of separate of two individuals who are experts in their field:
●

David Haron, Senior Planner at NSW Department of Planning & Environment.

●

Peter Holt, Specialist in environmental, planning and local government law at Holding
Redlich.

The second group of interviews tested the design outcome of the web app, Dugong. Four
participants tested the tool using a ‘thinking-aloud interview’ as described by usability expert
Jakob Nielsen, ‘using four participants provides a statistically significant sample,’ (Nielsen,
1994). This involves asking participants to ‘verbally describe’ how they are interacting with
the tool and what they understand. This revealed the usability of the app, and the value it
brings to the built environment designers practice.
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Flow of Data

Figure 11: Relationship of the four prototype tools.
This research focused on the interoperability of data facilitating interdisciplinary workflows.
The four prototype tools work together with computational design techniques to
communicate the 3D form of the law and enable a streamlined preliminary design process:
1. Planning controls are downloaded as an interchangeable file format from a
government platform. These are brought into the Grasshopper workspace using
Humpback, which allows them to be visually scripted.
2. This data can then be used by Beluga to transform the building regulations into an
algorithm, and thus a 3D form.
3. The 3D form of the law is then converted back into an interchangeable file format by
Humpback.
4. The 3D form of the law can be read by the web platform, Dugong. Dugong enables
visualisation and and interaction with the law. Built environment designers can select
a site and ‘sketch’ their own building, receiving instant feedback of the new forms
feasibility and compliance with the law.
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5. The sketch and feasibility study is saved online by Dugong, producing a link. This link
is used with Minke in the Grasshopper space to import the sketch.
6. However, the sketch was imported in an interchangeable file format. It must then be
converted into Grasshopper geometry with Humpback. The built environment
designer uses this preliminary form and analysis study to refine their design. The
design process is streamlined.
The first challenge is presented in the first step:
1. Planning controls are downloaded as an interchangeable file format from a
government platform. These are brought into the Grasshopper workspace using
Humpback, which allows them to be visually scripted.
The following chapter describes the research undertaken to convert data to 3D geometry;
and vice versa. The creation of Humpback enables communication between computational
tools and web GIS apps, such government platforms and Dugong.

Open Data
Open data can be defined as ‘data that anyone can access, use and share,’ (Broad, 2015),
which means its qualities include being accessible to the public, available in a
machine-readable format (e.g. RDF, XML, JSON) and having a licence that permits
commercial and noncommercial usage of the data. This is dynamic in comparison to closed
data which only allows access and distribution to specific individuals.
Open

Closed

Accessibility

Everyone has access.

Access to data is to a subset of
individuals or organisations.

Machine
readability

Data are available in formats
that can be easily retrieved
and processed by computers.

Data are in formats not easily
retrieved and processed by
computers.

Cost

No cost to obtain

Offered only at a significant fee

Rights

Unlimited rights to reuse and
redistribute data

Reuse, republishing or distribution
of data is forbidden.

Table 1: ‘Openness’ of data can be defined by four characteristics. Table adapted from Open
Data: Unlocking Innovation and Performance with Liquid Information, by Chui et al.)
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Governments release open data to increase innovation and transparency (Grimmelikhuijsen,
2009). The release of open data on government platforms such as the NSW Open Data
Portal permits innovation and collaboration.
‘Open data has the potential to unleash innovation and transform every sector of the
economy. Government can play a critical role in ensuring that stakeholders capture the full
value of this information.’
Chui, Farrell and Jackson, Open Data: Unlocking Innovation and Performance with Liquid
Information, 2013
Many apps have been developed using this government data. For instance, TransportNSW
has released 18 transport apps for iphone and android that use live traffic and opal card
data. Citizens can then receive government funded services to benefit their everyday life,
aiding driving navigation with live data, transport service times and customer feedback.
This data can also reveal the success of a policy decision. For example, the extension of the
light rail system in 2014 has seen patronage rise by 60% (O’Sullivan, 2017). Employing
government data from opal cards, the government used this information to run extra services
at peak hours, and decrease commuter times.
Open data sets released and maintained by the government are vital to the creation and
implementation of the tools. In this study, the government platform AURIN4 was used to
download the LEP in a machine readable format. This provided the case studies with the
resources to construct an algorithmic version of the law, and a 3D representation of the law.
Through the use of open formats, this is achievable.

Open Format
Independent development in one field may leave the other behind in terms of technology and
methodology (Drummond and French, 2008). Consequently, disciplines must share their
emerging advancements if they are to grow and develop (Senske, 2005). Data stored in an
open format creates a bridge between different software platforms by using a consistent
structure. Programs can interpret and use data that may otherwise be incompatible (Kuus,
2002). Open format specifies:
‘(1) published so that anyone can read and study it in its entirety and

4

Australian Urban Research Infrastructure Network - https://aurin.org.au/
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(2) not encumbered by any copyrights, patents, trademarks or other restrictions so that
anyone may use it at no monetary cost for any desired purpose.’
Linux Information Project, 2007
Popular open formats include JSON5, GeoJSON6, PDF7, SVG8, and JPEG9. In this study, we
address the gap between computational tools and GIS software. Data for GIS can be stored
in various file formats, for example ESRI’s Shapefile, File Geodatabase and many others.
The file types differ depending on the program it was developed for and the format used to
store information; some are interchangeable between GIS platforms, but not all. The current
industry standard file format for GIS software is ESRI’s Shapefile. However, three files make
up this format, one with the feature geometry, one with the shape index position and one with
the attribute data (GISGeography, 2017).
‘GeoJSON is a format for encoding a variety of geographic data structures’ (GeoJson,
2017). It is an extension of JavaScript Object Notation (JSON). The main differences
between this format and Shapefile is that GeoJSON is an open format that contains all
geometry and attributes in one file.
The advantage of describing geometry in JSON is that it is ‘easy for humans to read and
write... and easy for machines to parse and generate’ (JSON, 2017). ‘JSON is an open
standard data-interchange format that uses plain text to transmit data objects’ (Hickok,
2014). This makes GeoJSON the ideal file format for web GIS applications, such as ArcGIS
Online and Mapbox. In its creation, GeoJSON has been ‘derived from pre-existing open
geographic information system standards and have been streamlined to better suit web
application development using JSON’ (GeoJson, 2017). GeoJSON is typically used for data
interchange in GIS software as an ‘open standard and has been widely adopted’ (Jones,
2014). Popular GIS systems that use GeoJSON include ArcGIS, Aurin, QGIS and Mapbox.
Currently there are no computational tools that support GeoJSON in the Grasshopper
workspace. This limits computational design’s compatibility with Web GIS systems, creating
a gap that the case study Humpback aims to fill. Kuus (2002) acknowledged the gap
between computational tools and GIS in ‘The Interoperability of Geographical Information

5

JSON: A lightweight data interchange format with attribute value pairs (JSON.org, 2017)
GeoJSON: ‘format for encoding a variety of geographic data structures.’ (GeoJSON.org, 2017)
7
PDF: Portable Document Format is a multi-platform file format used to present documents.
8
SVG: Scalable Vector Graphic is a vector image described in XML, and can be rendered by a web
browser.
9
JPEG: A popular file format for compressing images
6
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Systems.’ ‘[New methods of practise] may increase the usage of geospatial data, bringing
new people to the world of GIS by enabling them easily supplement their databases.’ (ibid).
The creation of a tool that allows computational designers to read and write GeoJSON would
connect computational forms to web GIS systems, and also import geospatial data to
analyse.
Standard GIS formats provide a ‘high degree of interoperability’ between web GIS systems
and computational tools (Döllner et al, 2006). A simplified flow of data between
computational tools and GIS platforms will cultivate a symbiotic relationship. This is achieved
through the use of open formats, enabling the adoption of computational tools into other
disciplines.
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Case Study: UrbanCoDe
As preliminary work for Dugong, we developed an app that allows users to visualise their
own forms on a map, in their browser. The website is currently available at
https://madeleinejohanson.github.io/UrbanCoDe/

Precedents
The influence of GIS has grown over recent years, and, ‘with the ever-increasing popularity
of the web and improvement in its technologies, web-based GIS are widely available to
web-users in helping them in making decisions involving geographic information or spatial
decisions’ (Pick, 2005). Unlike architecture, planners have been quick to adopt and adapt to
technological advances in GIS (Drummond, 2008). Social demand for development in this
area has led to rapid expansion of knowledge and discovery, as data becomes more
accessible, usable and mainstream (Burrough et al, 2015). This move towards accessibility
has led to the creation of GIS web apps, and GIS processes are therefore more widely
available. The benefit of web apps is that it requires no download of software or updates.
Hickok outlines this argument in the 2014 thesis, A Web GIS Framework for Simulating
Pre-incident Planning:
‘The combination of open source software and contemporary web browser technologies
allow browser-based mapping applications to be built effectively while running on most, if not
all, modern operating systems.’
Hickok, J. A Web GIS Framework for Simulating Pre-incident Planning. 2014

Mapbox
Mapbox is an open source platform for mobile and web app development, providing the
‘building blocks’ of location features so developers are ‘free to focus on designing, building,
and developing your application’ (Mapbox, 2017). It is used by companies such as Lyft and
Snapchat to display visual data and calculate spatial algorithms. The flexible platform
enables GeoJSONs to be rendered on its interface, and a diverse API allows for interaction
with these 3D forms. Mapbox uses Open Street Maps (OSM), a collaborative global project
that creates a free editable map of the world. OSM is used to collect contextual 3D building
forms. Using the API of Mapbox and Javascript, we developed the web app, UrbanCoDe,
allowing users to visualise their own forms within the browser, exported from Grasshopper
using Humpback.
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Figure 12: Mapbox interface with 3D buildings (Budorick, 2016).

Aurin Portal
Established in 2010, the Australian Urban Research Infrastructure Network (AURIN) is an
initiative of the Australian Government (AURIN, 2010). Through the use of GIS data sets,
AURIN allows for evidenced-based decision making within urban planning. These data sets
range from socio-economic, infrastructural to LEP legislation. ‘AURIN enables Australian
planners and researchers to make informed decisions about future infrastructure and urban
environments based on realistic scenarios and evidence-based analysis’ (ibid). The data is
maintained and updated by the government.
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Figure 13: Interface of AURIN online with GIS analysis (AURIN, 2017).
In our own study, we used LEP data sets from AURIN and imported them into the
Grasshopper workspace using Humpback. Beluga can then be constructed using this data,
creating a 3D envelope of the law. This can then connect to web GIS platforms such as
UrbanCoDe and Dugong, using Mapbox to visualise and interact with the data.

Case Study: Humpback
Humpback converts geometry and its associated attributes to a GeoJSON file and vice
versa, a file type that is recognised as an open source format (GeoJSON, 2017)
Organising information as GeoJSON makes it easier for different tools to access and use the
data. Humpback allows the user to associate properties to geometry, known as key and
values. A key can be any characteristic that is to be associated with the geometry, (e.g.
colour, height, opacity) and the value is the characteristic tied to that key (e.g. blue, 60, 0.5)
which can then be parsed and rendered by the GIS program.
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Figure 14: Humpback plugin available for download at Food4Rhino.com (Khan, 2017).

Humpback has two functionalities:
1. Import GeoJSON and convert it Grasshopper geometry.
Humpback can import GeoJSON into the Grasshopper workspace, with their
associated metadata. Using this component, we can import LEP data sets from
AURIN and associate multiple sets of data (FSR, HOB, heritage etc.) to one
cadastral lot. Beluga can then generate the 3D form of the law from this data.
2. Convert Grasshopper geometry to GeoJSON for export.
The plugin will output a valid GeoJSON with its associated keys and values. This file
can be read by most GIS programs.
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Figure 15: The flow of data types between computational tools and GIS platforms.
There are some precedents to Humpback, however they focus on the interoperability of
different GIS file types. In 2015, a Grasshopper plugin called Meerkat GIS was released on
Food4Rhino, converting shapefiles into readable Grasshopper geometry (Nadlowe, 2015).
This produces .mkgis files which do not translate back to the GIS program. Janssen’s (2016)
web parametric modeling system, Mobius, can be used to create modular workflows to GIS
programs, such as QGIS. (Janssen, 2016). However, this is not specific to a Grasshopper
workflow. For a flexible workflow, a bi-directional flow of information is needed. Thus,
Humpback allows computational tools and GIS platforms speak the same digital language.
‘Urban planning is increasingly heading towards the third dimension, not only for
visualization tasks towards the end of a project life cycle but more and more also for the
analysis in the preliminary steps’
Staehli, C-Through – A Prototype for Interactive 3D Urban Planning Analysis on the Web,
2017

UrbanCoDe
UrbanCoDe can be used to visualise GeoJSON files produced by Humpback. The file can
be dragged and dropped onto the interface to be displayed by the web app. UrbanCoDe can
be to interactively present urban schemes within the context of the city. The client can
interact with the model by zooming, rotating and panning within the map.
The GeoJSON needs the following key-value pairs to render:
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Key

Value

Curve

A curve (or list of curves) of the building footprint.

height

The height of the building in meters.

base_height

The base height of the building in meters. (set as 0 for the ground
plane)

colour

A hexadecimal of the colour of the building. (e.g. ##0066ff for a mid
blue)

layer (optional)

Can toggle the visibility of different geometries on and off. (e.g.
different building types)

tag (optional)

Can be used to provide extra description for a building when a site is
clicked.

Table 2: UrbanCoDe takes the key and value information to render custom geometry from
the GeoJSON.
Form

Curve

height

base_height

colour

50

0

#5f888eff

20

0

#ffab40ff

35

0

#a3a5a2ff

37

50,
75

0,
50

#5f888eff,
#ad695cff

+

Table 3: Examples of geometry and their property data.
The website extracts the information in the GeoJSON to render geometry within the web
browser. The keys ‘layer’ and ‘tag’ are used to create an interactive experience, toggling
geometry on and off and revealing more information about the geometry.
UrbanCoDe allowed for an introduction into GIS web platforms, with the same method of
Mapbox and GeoJSON applying to the creation of Dugong. UrbanCoDe is the first stage in a
proof of concept. It demonstrates how GeoJSON, containing the 3D form of the law from
government data interpolated from AURIN, can be communicated and interacted.

38

Figure 16: The UrbanCoDe site with a GeoJSON of the building envelopes of Sydney City,
with building data such as Height, FSR and Floor Area available on a click (Johanson, 2017).

Challenges
Challenges faced in the creation of UrbanCoDe and Humpback include the projection of
geometry within the Rhino workspace to the GIS platform. Rhino uses a cartesian geometry
system, whereas GIS uses a spherical coordinate system to describe forms. As geometry is
created on a flat plane in Rhino, it appears curved in a GIS platform. The GeoJSON
visualized in Mapbox, for instance, appears skewed.

Figure 17: Unskewed and skewed geometry in Mapbox and Rhino.
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However, geometry sourced from platforms like AURIN use the spherical coordinate system,
so the result is not skewed. The problem lies with geometry created within the Rhino
workspace, as the coordinate system is different. When creating geometry in Rhino for
Mapbox, it is best to keep to a smaller urban scale to minimise this issue. There is currently
no simple conversion system for cartesian to spherical coordinates.
Additionally, Mapbox only currently supports vertical extrusions, which makes visualising
buildings curved in elevation a challenge. Therefore web apps created with Mapbox are best
suited for displaying large urban schemes that require minimal architectural detail.

TL;DR
In this section, we have investigated how open data and open formats unlock connections
between disciplines. In the built environment, open data sets and formats allow us to make
more informed urban design strategies on a bigger platform. Combining GIS and
computational design tools enables an alternative workflow, using flexible tools to inform the
design. Using Humpback, we can link urban LEP data sets to Grasshopper, and export
geometry so it can be parsed and read in GIS programs, such as UrbanCoDe and Dugong.
The following chapters will discuss the importance of open governance and how algorithmic
law and 3D representation of the law could be implemented by Dugong.
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Open Government == Open Society?
Transparency of the Government
Ideals of open government can be traced back to the ‘Age of Enlightenment’ which spread
across Europe and the Americas in the 18th century. While many definitions of
Enlightenment existed, one recorded by the philosopher Moses Mendelssohn, referred to
‘an uncompleted process of education in the use of reason, which should be open for all’
(Outram, 2013). The Enlightenment movement called for governance to be guided by
rationality, over faith; and a view based on science, not religion. The spread of this ideology
contributed to the French Revolution, leading the eventual European trend of replacing
monarchies with democracy (Livesey, 2001). Equivalently, replacing a privatised system with
one that was open to the citizens.
This stream of thought persists today, where open government systems support the
interchange of ideas. The open government movement expresses that citizens have the
right to access information regarding government decisions, therefore upholding the
government's accountability (Lathrop and Ruma, 2010).
When governments release open data, it affects:
Citizens and consumers:
●

Citizens and consumers can participate in development of open-data initiatives.

●

Government can hold public forums to encourage their engagement.

Businesses:
●

Businesses are working hard to understand rules, standards and regulations about
data use, and therefore dislike uncertainty or volatility.

●

They are also creating innovative products based on open data (e.g TripView).

Media:
●

Media outlets use and interpret open data in print, online and TV pieces.

●

Government can involve them in publicity efforts and discussions of new initiatives.

Non Governmental organisations (NGOs):
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●

NGOs can help government develop common standards that improve data
availability.

●

Foundations can promote and fund education of data specialists.

Chui, Farrell and Jackson, Open data: Unlocking Innovation and Performance with Liquid
Information, 2013
Governments use transparency, such as releasing open data, as a way to increase trust
between policy-makers and the citizenry (Grimmelikhuijsen, 2009). Transparency is
frequently used as an accountability tool so that those in power remain uncorrupted. This
may inform citizens how government policies are made, and the factors that went into policy.
This allows citizens to judge the motive and validity behind a decision that has become
policy. Licht speaks of this:
‘Scholars as well as policymakers often argue or even assume, however, that increased
transparency will not only improve decision-making and enhance efficiency, but also have
positive effects on the public's assessment of authoritative decisions, enhancing people’s
willingness to accept outcomes of difficult decisions and increase public trust in
decision-makers’
Licht, How Increased Transparency in Decision-making Affects Perceptions of Legitimacy,
2011
An open culture in government is a benefit to both citizens, as they are able to see behind
the scenes of government decisions; and the government, as operating in a transparent
manner will increase trust in the government. Therefore the government is more likely to be
in favour. Transparency in government may lead to better leadership decisions and therefore
increased confidence from the people (Chen, 2006).

Available vs. Made Visible
Data released by the government should be easy to find and understand. However, a
clouded portrayal of may hinder the citizens perception, and this in turn would not increase
the citizens’ trust in the government body.
In a case study in California, the state refused to release information regarding how
lawmakers vote. Instead, they published voting records one page at a time. The state of
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California was sued for this obstruction of transparency, and public access to the voting
records was won (Lathrop and Ruma, 2010).
Similarly, releasing data that is dense and convoluted, such as meeting minutes, may hinder
the process of transparency (Grimmelikhuijsen, 2009). Grimmelikhuijsen investigated this
subject in his 2009 work, ‘Transparency of local public decision-making: towards trust or
demystification of government?’
‘The promise of transparency might only be fulfilled by changing expectations of citizens
about public decision-making, as restricting their ‘look behind the scenes’ will only give rise
to more suspicion of and less trust in government.’
Grimmelikhuijsen, Transparency of Local Public Decision-Making: Towards Trust or
Demystification of Government?, 2009
While transparency is often perceived as positive, the intent behind a law also should be
made explicit if it is to be accepted by the public. Currently, building legislation in NSW is not
comprehensible to a non-professional. The conversion of building legislation prose to a 3D
form will help LEPs become more transparent, and thus more visible to the layperson.

Government Strategies
In an interview with David Haron, Senior Planner from the NSW Department of Planning and
Environment (DP&E), we discussed current government strategies in urban planning, with a
focus on increasing transparency and availability of data for building developers and the
public. A full transcript of this interview is available in appendix i.
In 2005, an overhaul of the DP&E led to standard being set for maps representing the law,
with the ultimate aim to produce ‘...a standard looking PDF map’ over all councils (Haron,
2017). These maps were then published on the e-planning portal, rather than the NSW
Legislation website.
‘[It] was very much about saying, “Well rather than working to a PDF map that's published on
the legislation website, why don't we work to a standard? Whereby that's a repository, a
database of sorts, and the change, once published into the database, or pushed into the
database and published through the legislation website, means you've got your update that's
the same deal as a PDF, it's just machine readable, accessible, easier to manipulate and
move through, and leveraged.”’
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David Haron, Interview 2017
The LEP refers to maps of the council area, which show what sites come under what
controls. In many cases, the set of maps that the LEP refers to are longer than the LEP itself
(ibid). For instance, one layer of information is displayed on the map at a time, and there
may be as many as 20 sheets to a map. This compounds when we consider the different
LEP controls applied to a site. Designers’ and developers’ proposals must adhere to these
rule sets.
Controls on a site include:
Land use zones dictate the type of development permitted on a site, including
residential, commercial, industrial, agricultural etc. The Land Zoning Map, separate
from the document, is found the Map Index of the LEP, along with more than 100
other maps.
Height of Building (HOB) This clause ensures that the height of development is
appropriate to the site. This map is also found among many others in the Map Index.
Floor Space Ratio (FSR) The Floor Space Ratio is the ratio of the total area of a
building's floors to the area of the site. This regulates the density of development as
buildings must comply with this ratio and the HOB. However, this clause has many
exceptions, for instance, balconies are excepted from the total floor area under
certain conditions.
Heritage Sites Heritage sites include places of archaeological, aboriginal and
cultural importance as shown on the Heritage Map. These sites have special rules
that must be adhered to if consent of development is to proceed.
Overshadowing and Sun Access Planes This clause ensures that sunlight still
reaches specific public spaces for e.g. Hyde Park, Martin Place and Pitt Street Mall.
The building height is determined by the intersection with the plane, anything
exceeding this height is denied development.
These controls become a series of components in the building generation script, Beluga.
Current cadastral data requires extra processing steps…,’ (Aydin, 2008) therefore data for
each control is downloaded individually from AURIN as GeoJSON and merged together to
associate separate streams of data with each site. However, this does not account for
development bonuses, which ‘allow a variety of outcomes’ (Holt, 2017), and often not the
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one presented to the public. For instance, bonus incentive schemes like the State
Environmental Planning Policy for Affordable Rental Housing (AHSEPP) grants developers
bonus FSR in exchange for affordable housing, and permission to build units as small as
12m2, 3 times smaller than the minimum size for studio apartments (Thomsen, 2017). In a
study by Randwick City Council, it was found that these apartments were being rented
around $500pw, rather than the range of $244-390, considered affordable (ibid). Developers
were not adhering to the conditions of the building bonuses awarded.
Randwick Mayor Noel D’Souza commented:
‘There’s nothing wrong with providing more housing for students, but what we’re seeing is
developers taking advantage of generous incentives to get bigger developments built in
residential areas under the guise of helping the community and yet they’re charging market
rates which are way out of reach for those most in need.’
Thomsen, S. A Sydney council study concluded developers are exploiting the NSW
government's affordable housing incentives, 2017
This problem was reiterated by Holt, who claimed it to be ‘...a consequence of non
compliance and the controls not being thought of in a particularly sophisticated way.’ (Holt,
2017)
Issues such as these could be solved with investigations into algorithmic law and 3D data
sets (ibid). Controls and bonuses would be communicated in a more sophisticated and
transparent manner. Thus the law would be understandable to the public and developers
through an open platform, such as Dugong. The incorporation of computational tools and
techniques in this workflow could be used ‘...for the automated mapping of 2D landscape
plans and architectural plans to virtual 3D city models based on a heuristic-algorithmic
approach...’ (Döllner et al, 2006)

Towards “Gov 2.0”
The NSW Government defines Gov 2.0 as, ‘the use of technology to encourage a more
open, transparent and engaging form of government, where the public has a greater role in
forming policy and has improved access to government information’ (NSW Department of
Finance, 2010) To these stakeholders, improving relationships and trust is important if they
are to accept and support development proposals (Aliento, 2017). One path to improve trust
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lies in 3D open data, as a way to communicate geospatial data and building legislation in a
comprehensive way (Müller & Schumann 2002).
NSW still has some way to go in the pursuit of 3D open data. However, in Melbourne, a web
platform ‘Development Activity Model’ has been released. The web app shows an interactive
3D model of Melbourne's CBD. The website communicates which buildings are under
construction, applied and approved building projects, along with data like status, application
ID, number of floors, area of building and number of dwellings the building will supply.
Currently in Sydney, the only way to see this type of information is to travel to Town Hall,
where the physical city model is kept. This gives a contextual view of the proposed works for
Sydney, however it creates a geographical barrier. Melbourne's strategy makes data explicit
and accessible to citizens, increasing trust and transparency.

Figure 18: Melbourne’s Development Activity Model communicates to citizens the changing
form of their city (City of Melbourne, 2017).
The DP&E’s 2014 draft of ‘3D Planning: Strategy for using 3D data in the ePlanning system’
planned to integrate geospatial data and 3D data sets into one repository, to manage the
land of major cities and towns. This was NSW’s move to integrate 3D technology into the
law. The DP&E acknowledged that an incorporation of open data must happen to keep pace
with similar agencies. The creation of a decision support tool would enable more meaningful
simulation and communication of urban strategies.
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3D Planning integration aims to:
●

Establish a single repository for creating, sharing, managing, accessing and using
3D planning data

●

Make more informed planning decisions based on evidence

●

Remove the duplication of effort in government departments, and better manage and
re-use data sets

●

Encourage communities to be engaged in planning outcomes using 3D models

●

Increase experimentation and innovation, to deliver better policies, plans, assets,
facilities and services.

However, this draft was never finalised. The technical delivery “fell down”, and the draft was
abandoned (Haron, 2017). The DP&E decided it was important to create and maintain 2D
data sets to a standard before moving into 3D. However, if technological advances allowed
the law be represented in 3D, the law would be easier to interpret and display to the public,
as reiterated by David Haron, ‘Essentially, if you want a modern planning system, you need
modern tools and a modern way of thinking about it, and that's digital.’
Gov 2.0 promises to elevate the public’s perception of building regulations and trust in policy
decisions. Information about building proposals from the City of Melbourne are explicit and
easy to understand, simplifying communication with the community. Incorporating 3D into
the way the government communicates the law ‘... is a powerful way to show stakeholders
what a planning outcome will actually look like.’ (Aliento, 2017) and avoid misinterpretation
with the stakeholders. ‘Countries such as The Netherlands, Israel, Greece, Malaysia,
Norway, Sweden, Canada, Denmark, etc. use 3D cadastral data registrations in addition to
their national 2D bases,’ to great success (Aydin, 2008). Successful planning outcomes can
be achieved through the use of 3D, with NSW hoping to explore this 3D cadaster space in
the future (Holt, 2017).

TL;DR
This chapter addressed how open governments, in a move towards transparency, can
communicate legislation to the community more effectively. In an interview with Department
of Planning and Environment’s David Haron, we assessed the standard the government is
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applying when working with urban planning maps. Todd Rohn, President of the Planning
Institute of Australia, reiterates this:
‘Having intuitive, easy-to-understand tools available – like 3D modelling – is essential for
facilitating the dialogue that will lead to better planning.’
Aliento, Why 3D Modelling is the Way Forward for Better Planning Outcomes, 2017
Good communication of legislation increases trust with the community, and better informs
urban planning decisions. 3D representation of law is a subject that could facilitate this
connection.

48

Precedents to Dugong
Urban Pinboard
‘Urban Pinboard is an integrated digital platform that enables the public, private and
community sectors to connect by contributing ideas, comments and proposals on all urban
matters on a single platform’
UNSW. Urban Pinboard Research Proposal, 2016
Urban Pinboard is a collaborative tool that connects the community with urban planning
decisions through a web app interface. It aims to achieve informed decision making and
smart city transformation by acting as a ‘digital marketplace’ for displaying urban data. Open
data, traffic data and social media can feed into the platform and inform community input,
professional input and government policies.
Communities are encouraged to interact with the government and private sectors to improve
outcomes for their areas, creating an informed community. So far, the project has been
tested in Parramatta. Urban Pinboard is a platform that can foster ‘communication,
collaboration, consultation, all in one,’ (Asher, 2017).

Figure 19: The interface of Urban Pinboard (Urban Pinboard, 2017).

Flux Metro
Flux Metro is a project by X, (previously Google X) that operated from 2012-2017. Focusing
on, Austin, Texas, Flux Metro visualised the permissible building envelope of the whole city
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in accordance to zoning regulations. It provided users with key information like maximum
building height and minimum setbacks, enabling the user to determine possible
development potential for a selected site.

Figure 19: Flux Metro interface (Didech, 2015).
Flux Metro ‘showed the power of using technology to tame an inherently complex and
messy process — understanding zoning codes ’ (Carlile, 2017). Visualising urban data
enabled developers to ‘see’ the legal development potential for a specific neighbourhood.
However, it was realised that the business model was not scalable to multiple cities, and the
complexity of updating data sets and maintaining the code was too much for a small startup
company. Once the data was outdated with a new update of policy, then the generated
envelope was no longer legal. The project was shut down in February 2017, due to the
company's interest in shifting focus towards data exchange plugins (ibid).

Envelope Beta
Developed with SHoP Architects, Envelope is a web application which allows the
development potential of a site to be evaluated. A compliant building envelope is formed
from conditions chosen by the user. Brian Darling, Senior Associate of SHoP Architects,
claims that this automation of zoning law saves ‘5-10 hours to read the zoning code and
draft an analysis.’ (envelope.city, 2017). Aimed at real estate professionals, Envelope
currently can evaluate 30,000 properties in Manhattan, New York.
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Figure 20: Interface of Envelope Beta (Envelope, 2017).
Envelope has not only translated Manhattan’s building legislation to computer code, but has
also integrated meta data on previous owners and the rights to the lot. This allows the
merging of building footprints and enables developers to see ‘additional development rights’
and view the maximum building envelope of the merged lots. Using this, the developer can
then make decisions regarding further investment into the development.
‘The real estate industry is just starting to grasp how powerful analysis – coupled with 3D
visualizations – can help executives make major investment decisions’
Aarons, Z. cre.tech, 2017
Envelope provides a PDF report of the evaluated site, with area, zoning and rights
information. The lot is also able for download as an OBJ for further development in 3D
modeling programs, such as Revit or Rhino.
Future functionality in Envelope will allow developers to search for lots with certain potential
outcomes, as well as allow the city to be simulated under different zoning conditions, and
approving permit requests with minimal effort.

TL;DR
New technologies deployed in the urban planning sector seek to aid communication and
understanding of spatial solutions. GIS is a platform designed specifically for this need–to
inform and support design decisions, and guide us through the physical world. From the
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evidence presented in the prerequisites, GIS web apps are becoming increasingly common.
Dugong is a decision support tool, with an aim to improve design decisions in the preliminary
stages of urban design. Access to open government data sets and mapping tools facilitates
this workflow, to create an ‘an abstracted, simplified visual design ... typically encode[ing]
planning status, planning variants, or related planning information’ (Döllner et al, 2006).
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Automate or Expire
Algorithmic Law and Decision Support Systems
Nearing the end of Shakespeare’s Henry VI, the leader of a band of rebels boasts about the
utopia he will create when he ascends the throne. Dick the Butcher suggests the first step to
achieve this goal:
‘Let's kill all the lawyers.’
No doubt this strategy was to create chaos in 1400s England, but it also suggests that Dick’s
version of a utopian future would be devoid of lawyers. And with the modern progression of
Artificial Intelligence (AI), some might say that this utopian vision isn't far off. Technology has
impacted a number of legal operations, automating certain aspects of a lawyer's job.
Discovery has been significantly automated, as the growing amount of textual information
‘become[s] a major barrier to effective litigation.’ (Hogan, 2010). ‘An artificial intelligence
technique called natural language processing has proved useful in scanning and predicting
what documents will be relevant to a case’ (Lohr, 2017). Automation in law also has been
used in the Legal Support Systems (LSS), aimed at disadvantaged individuals who may not
have the funds to hire legal representation in court. ‘Construction of such [legal decision
support systems] for community legal centres will improve their efficiency and increase the
volume of advice they can offer.’ (Zeleznikow, 2002).
The development of LSS have shown to make the access to justice more consistent,
transparent and efficient. An example of this is AdjustedWinner, a negotiation support
system for Australian Family Law, a web-app that aims to keep negotiations out of the
courtroom (ibid). However, sometimes the sheer amount of laws makes it hard to find
specific laws as they are ‘not available when you need them, at least not without a lot of
work on your part or the expense of hiring an expert.’ (Genesereth, 2015). AdjustedWinner
is an example of the process of finding laws becoming more automated.
What we may find is that the field of law maybe ‘transformed’ and altered with the integration
of technology (Meltzer, 2014). Moore predicts that the computation revolution will support
the industry, as routine tasks are automated by a machine, and lawyers are free to serve
more clients than they currently can. He also predicts that more small businesses and and
private individuals would now be able to access legal advice, a sector worth an estimated
$45 billion AUD (ibid).
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Likewise, architecture and the built environment will continue to undergo a technological
transformation. In the 1980s, technology sought to replicate architectural drawing tools with
AutoCAD, and now algorithms are used to optimise the walkability of floor plans (Davis,
2015, Doherty, 2013). However, quantifying aspects of architecture may seem a futile task
when aesthetics, context and spatial experience are evanescent.
‘...what does a design look like that's fully automated and fully rationalised by a computer
program? Probably not the most exciting piece of architecture you've ever seen.’
Meltzer, Robot Doctors, Online Lawyers and Automated Architects: The Future of the
Professions?, 2014
In this interim towards full automation, computer and human have been working side-by-side
in a ‘centaur’ operation. Automated systems could resolve the obvious parts and then pass
the decision onto the appropriate human. These human-machine “centaur” teams have had
some significant success in chess (Cassidy, 2015), and are predicted to become more
prominent in the future.
In computational design, an emerging field where scripting and built environment
amalgamate, ‘centaur’ workflows extend the cognition of the user, acting as a decision-aid
tool. Tom Preston-Werner, the co-founder of GitHub, claims, ‘In the future there’s potentially
two types of jobs: where you tell a machine what to do, programming a computer, or a
machine is going to tell you what to do.’ (Shontell, 2014)
A classic joke about automation tells: ‘A factory of furniture will have two employees—a
human and a dog. The human's job will be to feed the dog, and the the dog's job will be to
keep the human from touching any of the machines’ (McAfee’s and Brynjolfsson, 2017).
Dugong also follows this centaur workflow, acting as a tool to help inform design decisions.
The algorithm calculates the feasibility and compliance of a design with the law, but
ultimately it is the designers choice to follow that calculation. It can guide the designer to to
the design that is the maximum build, or the designer may choose to contest these rules,
and build above regulation, common in competition work (Chupin et al, 2015). Whatever the
designer chooses, they are still provided with the information of the feasibility and the legal
envelope. Dugong is an example of how available laws can become visible, and how the law
represented in 3D can make it easier to communicate legislation.
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2D

⟹

3D Law

‘There has been a growing interest in representing and analyzing the real world using 3D
tools’ (Aydin, 2008). As mentioned by David Haron, the NSW government has not yet
moved fully into the 3D cadaster space, instead focusing on setting a standard and
maintaining 2D maps. However, 3D forms are an effective way of communicating legislative
controls to inform and engage stakeholders. 3D is a way of self explanatory communication.
Laws in prose may otherwise be ‘.... illegible to even me [NSW senior urban planner], an
expert.’ (Haron, 2017).
For cities such as Sydney, with complex transport and construction projects, 2D maps
cannot explicitly or succinctly communicate the 3D data needed. Another interviewee was
Peter Holt, a specialist in environmental, planning and local government law at Holding
Redlich. He explained that 3D law has many applications in multi-strata cities, such as
Singapore and Hong Kong. In Sydney, an area where this could be applied is the arcades
underneath Town Hall. Because of the nature of 2D maps, land zoning classifies these
underground arcades as a park, as ‘land unit data [is] considered to be 2D in nature and the
cadastre only deals with property located on the surface and its rights’ (Aydin, 2008). This
makes the asset hard to sell due to legal gaps and uncertainty. 3D cadastral data could
make the law more explicit.
Peter Holt also brought to our attention the Sydney Cove Re-Development Authority
Scheme, the only case study in NSW with a drawn 3D envelope of the law. The Rocks are
an important asset to the history of Sydney, as one of the first settlements in colonial
Australia. With historical sandstone streetscape, the government wished to preserve the
building development for this area. The extents of the envelope were hand drawn in
axonometric in 1984 to communicate the maximum building form, and as a result the Rocks
has an explicit outcome which developers can work within.
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Figure 21: Sydney Cove Re-Development Authority Scheme drawn axonometric envelopes
(Sydney Harbour Foreshore Authority, 1984).
Even though these envelopes do not compute the height and FSR to generate mass, it is an
explicit way of communicating the law. ‘The Rocks is a great outcome, and I suspect that
part of that is the effort that went into checking and cross checking the 3D scheme and the
fact that they stuck with the 3D scheme over a long period of time’ (Holt, 2017).
If this same thinking was applied to other city centres such as the CBD, Parramatta,
Greensquare, and Chatswood, the law as 3D would represent a realised outcome. Thus, the
bounds of the law would be explicit at that point in time. Urban planners and architects could
use this 3D form to aid in their design decisions. ‘If [the government] were to supply a
geo-located mesh, that would be far better.’ (Asher, quoted from Haron interview, appendix ii)
A symptom of working within a 2D environment is the lack of 3D spatial consideration in
legislation. With technological development, these envelopes are able to be machine
generated, like Beluga. Computational law could be applied to urban planning through an
open platform, akin to Dugong.
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Case Study: Beluga
Beluga is a building generation script created by Nazmul Khan in Grasshopper. His
contribution was essential for the completion of Dugong, as data about the legal building
envelope is used in Dugong to communicate the form of the law.
Beluga was created with cadastral lot geometry, sourced from the Aurin Portal, a web GIS
tool which provides large data sets of the LEP. By downloading the data as GeoJSON from
AURIN, it was converted into Grasshopper geometry using Humpback. The script combines
these LEP sets to assign multiple information to one cadastral lot.
The data from government sources to be combined includes:
●

Geometry (cadastral lot)

●

Height of Building

●

Floor Space Ratio

●

Setbacks

●

Sun plane

●

Heritage

●

Land use

This information was consumed by Beluga to construct a custom building envelope for each
lot. This process resulted in a 3D form with attributes that are then exported using
Humpback. Dugong then takes this geometry and presents it on an open platform, for the
use of built environment designers in the preliminary design process. The resulting
envelopes are therefore machine readable and are a 3D representation of legislation.
Through the use of these explicit building controls, building developers will not be able take
unfair advantage of the bonus system (Holt, 2017).

Figure 22: The maximum building envelope produced by Beluga, to be utilized in Dugong.

57

By developing this tool as an interactive web GIS format, users will be able to see how
specific rules shape the outcome of the city. For example, what the city would look like if it
every lot was built to the maximum allowance. This will lead to a better correspondence
between the intent behind specific building policies and their outcomes.

TL;DR
This chapter discussed algorithmic law and decision support tools which can then be applied
to urban planning through Dugong. The implementation of 2D law to 3D law was explored
through interviews and the case study Beluga. This reiterated the need for a toolset that
‘seamlessly integrates key information of the cadastral database’ into 3D forms. These
intuitive forms can then facilitate a dialogue between the law and the designer that will result
in better urban planning outcomes (Aliento, 2017).

Figure 23: We are now up to stage 5 in the workflow.
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Case Study: Dugong
Dugong is a website that acts as a decision support tool in urban planning. Urban strategies
can be generated and presented with Beluga. We can visualise the law as it is translated.
Users can zoom, rotate and view the legal envelope in 3D. Dugong is an interactive
interface with the law, as the envelope of the site rendered contains legal metadata. Using
open source data and tools, such as Mapbox and Open Street Maps, a 3D map of the world
can be displayed. The tool is used to sketch design proposals within the legal permissible
envelope, and receive immediate feedback of the forms compliancy with the law. From this
process, a model is generated which can give immediate feedback of its attributes, e.g.
Floor Space Ratio, Height of Buildings, Zoning Rules, number of rooms and levels,
proposed build cost, etc. If the sketch goes beyond the bounds of the law, the designer is
notified, however still allowed to design. This is a useful tool for planners and policy makers,
as they can view the law and design outside of the box. This expands the functionality of
Beluga, the building generation tool, by displaying and interacting with the maximum building
envelope. Manipulating the sketched form, planners will receive immediate feedback of a
site’s feasibility and potential. Through this portal of interactive law, building proposals are
more transparent. Visualising the complex rules of zoning, FSR and HOB can aid
professionals in urban solutions, making understanding of complex rules easier, enabling the
communication barrier to be broken down. Such decision support tools play a significant role
in planning and GIS, to promote new ideas and propose various urban design projects.
Dugong is available online at: https://madeleinejohanson.github.io/Dugong_Build/

Overview of Dugong
Why a Web App?
A web application ‘is any application that uses a Web browser as a client’ (Nations, 2016).
There are ‘plenty of scenarios where traditional software based applications and systems
could be improved by migrating them to a web based application,’ (DB Net Solutions, 2017)
for instance, Google Docs is a free equivalent of Microsoft Word. Dugong was created as a
web application for a multitude of reasons:
●

As the app is hosted on the web, it is accessible to a wider range of people. Built
environment designers such as architects, urban planners, etc. would have access.
Similar outcomes can be achieved in Grasshopper, however it is a specialised
software and designers must understand visual scripting. Web apps allow a
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simplified interface to achieve the design outcome. ‘The bottom line of GIS is to
improve the quality of decision-making’ (Pick, 2005).
●

Web GIS applications have a greater degree of interoperability with data sets and
programming languages.

●

The web app only needs to update on the server; the client does not have to
manually update.

●

Web apps are available on a range of platforms such as desktop, mobile, tablet etc.
They do not have to be concerned about compatibility issues with Windows and Mac,
like software programs do.

However, web apps usually require internet connection to be able to run.

Change of Language
UrbanCoDe is a web platform, created prior to Dugong. Writing UrbanCoDe allowed for a
familiarity with Mapbox’s API and the skills needed to build Dugong. UrbanCoDe was written
with HTML and JavaScript. HTML dictates the content and css styling on a web page,
whereas JavaScript is a scripting language used to create interactivity on the page, e.g.
clicking buttons, controlling sliders etc.
In order to be fully dynamic and responsive, the decision was made to create Dugong using
React.JS, a user interface library that selectively renders a webpage which allowing for
dynamic updates on the client side. It was originally created by Facebook, and is hosted on
GitHub. It is used by other websites such as Airbnb, Ebay and Instagram to create
responsive and smooth interfaces. React.JS is a library within JavaScript, so it uses the
same syntax. However, instead of continuously creating event listeners for elements,
React.JS creates dynamic states that simply pass information to one function to another.
Components are able to be reused, and exist in many states, resulting in less code to be
written. It also renders quicker. For instance, if a change happens on a normal website, the
site is completely re-rendered. With React.JS, a ‘diffing’ algorithm identifies what has
changed and and only re-renders those parts of the site that have changed.

User Experience Design (UXD)
User Experience Design is the practise of improving user interaction with an interface. This
may mean increasing the speed of operations, ease of use or satisfaction of the product
through better design. It is imperative that Dugong be a simple tool that allows the user to
quickly sketch and receive simple, reliable feedback on building designs. David Norman, a
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cognitive scientist who worked as an ‘User Experience Architect’ in the 90s, reinforced the
principles of good user design (Duyshart, 2015).

Figure 24: Adapted from the source ‘Smarter Buildings Better Experiences’ by Bruce
Duyshart.
The success of Dugong was evaluated through a series of thinking aloud interviews of built
environment designers working at Cox Architecture. The interview highlighted areas that
needed improvement, in terms of visual design, structure of information, interaction design
and the usability of the tool.
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Workflow of Dugong
Selecting a site

Figure 25: The interface of Dugong.
When the user loads the website, a map of Sydney appears. The user selects a site on the
map, and cadastral data such as legal HOB, FSR, land use appear, as well as a 3D
envelope of the maximum legal build.

Figure 26: The maximum building envelope appears when the building is selected.
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Figure 27: Legal data of the selected site appears in the lower left screen.
To select a different site, the user clicks the ‘select new site’ button, and then the new site.
The Site Info section and a new building envelope will update when the new site is selected.
This envelope’s visibility can be altered using the ‘Site Envelope Transparency’ slider. This
can be particularly useful for the user later on, to see if their sketch is within the legal
setbacks.

Figure 28: Changing the envelope opacity allows the user to see if their sketch is within the
legal setbacks for the site.

Creating a building
Draw building footprint(s)
Using the draw tool, the user sketches one or more building footprints to create their form.
When the polygons are ready to be turned into buildings, the user selects the ‘Extrude
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Selected’ button. Then the sketches properties can be altered, and generate a live feasibility
update in the ‘Feasibility Study’ section.

Figure 29: Drawing building footprints.

Building Properties
The user selects the footprint of the building form to edit, and then changes a slider to
update the property, such as the Height slider.

Figure 30: Height applied to one building footprint.
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As the building is extruded, feasibility data using the geometry’s area and height is
generated. This is compared with the cadastral data, and turns red if the form exceeds the
legal limit.
This method of selecting a footprint and changing properties of height, Base Height and
color is repeated until the desired form is made. The colour of the building forms can be
changed to represent different uses, e.g. residential and commercial.

Figure 31: The two building footprints with different properties applied.

Reviewing the Feasibility Study and Making Changes
The feasibility study shows the user:
●

Height of Building (HOB)

●

Number of Levels

●

Floor Space Ratio (FSR)

●

Gross Floor Area (GFA)

●

Gross Building Area (GBA)

The user can now see if their sketch is within the bounds of the law for that specific site, and
make changes if necessary. Or, they may wish to contest this rule when the design goes
through Council. But, the user is aware that this rule is exceeded and thus has the data to
make an informed design decision.
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Additional building footprints can also be added at this stage, and the old ones edited. To
refresh the footprints, the user clicks the ‘Extrude Selected’ button again and adjusts the
properties.

Figure 32: The final building form only exceeds in FSR, whereas height complies.

Saving the Sketch
Clicking the ‘Save Building’ button saves the sketch with its properties online. A link is
generated, which takes the user where the sketch is stored. This same link can be used to
import the sketch into the Grasshopper workspace and further refine the form with the
knowledge of the building statistics.
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Figure 33: Sketch saved to an online repository (Github, 2017).

Thinking-aloud Interviews
Talking aloud interviews were used to test design outcomes of Dugong. Specifically, whether
it allowed for a simpler translation of laws, and expedite feasibility studies in the workplace.
Four participants were selected from the Cox Sydney office, as computational designers,
architects and urban planners who have worked in the firm for more than a year. There was
no bias on age, sex or level of experience.
The method of a thinking-aloud interview is influenced from Untangling Parametric
Schemata: Enhancing Collaboration Through Modular Programming, a paper by Daniel
Davis, 2011, where, ‘Thinking-aloud interviews are an interview method commonly used in
computer usability studies to understand how users carry out a task.’ According to usability
expert Jakob Nielsen, (who uses thinking-aloud interviews in his own research) ‘using four
participants provides a statistically significant sample,’ outlined in Guerrilla HCI : Using
Discount Usability Engineering to Penetrate the Intimidation Barrier, (1994). The four
individuals from the Cox office were tested using the ‘thinking-aloud interview’ method,
where the participants are asked to ‘verbally describe’ how they are interacting with the tool,
and what they understand.
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Thinking aloud interviews require the participant to express their thoughts verbally as they
perform a set of tasks. It is a loosely structured interview and allows the participant to be as
explicit as possible when verbalising their thinking process. Participants were asked to say
whatever comes into their mind as they completed the set lists of tasks below. This may
have included what they were looking at, thinking, doing and feeling at the time. This gave
us the opportunity to review Dugong, and make improvements with its interface and
functionality.
Participants were verbally told the exercises they were to take within the app, and
proceeded to interact with the interface.

Tasks
1. Selecting a Site
The user was tasked with selecting a site on the map to conduct the feasibility study on.
Participants were familiar with the 3D interface and were easily able to pan and rotate to the
site they wanted. All participants quickly selected a site and reviewed the information for the
site. Users were able to change the site if the information did not match their preference, by
clicking the ‘Select new site’ button.
2. Creating a Building
a. Draw Building Footprint(s)
Half of the participants missed the Polygon tool in the upper right hand corner of the map,
but quickly picked up how to draw a sketch using the interface. Most started out with one
polygon and added another after the first properties were applied.
b. Changing Building Properties
After explaining the process of extruding the footprints and assigning properties to individual
sketches, the concept was quickly picked up. This was the process that proved to be the
most confusing for most participants, but all mastered it within 30 seconds and were able to
create complex shapes within the building envelope.
3. Reviewing the Feasibility Study and Making Changes
After properties had been assigned, users began to notice and compare the site information
and feasibility study of the sketch, as the feasibility was showing red warnings, letting the
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user know that the design did not comply with the site specifications. Participants took some
time to adjust the height and edit the building footprint so the FSR and Height complied.
One participant decided to experiment with the extents of the app, and instead of sketching
simple polygons, created a footprint that spiraled and intersected itself. This was able to be
extruded normally, and was not complying to the site spec. The participant then
experimented with the sliders to find a loophole and invert the building, so that the base
height was higher than the height. This caused the building to comply, as the height number
was registering as a false positive.

Figure 34: One user experimented with the extents of the interface.
4. Saving the Sketch
Participants were most impressed with the link between the app and Grasshopper/Rhino.
Participants said that this link would save them time in Rhino, as they wouldn't have to
re-sketch designs from a hand-drawn sketch or other format.

Evaluation
Participants were given a schema and asked to verbally describe their understanding of
Dugong as they worked through tasks on the app. Participants praised the interoperability

69

between government databases and architectural programs, and having the ability to
immediately generate feasibility feedback of their sketches.
Suggestions of functionality included:
●

Have instructions written on the site so the procedure is explicit.

●

When a building footprint is updated, a button must be clicked to update the
coordinates to the GeoJSON. Participants suggesting that the 3D form should be
updated automatically when this happens. Investigating the API of Mapbox Draw, an
event function was found that allows this, and could be integrated into an updated
version of Dugong.

●

Having the ability to set a custom floor height with the slider. Currently the slider
jumps 3 meters at a time to represent one floor, but one designer said this feature
would be useful, and is easily implemented.

‘...things that I’ve been doing of late have involved, “This is what our yields would be if we
account for four meter floor to floors, versus three point six meter floor to floors.” It’s a
substantial difference, because you end up losing two or three stories over a top building.’
- Adrian Taylor.
●

One participant requested that the sketch be exported with the feasibility study as
keys and attributes within the GeoJSON file. This could be useful with the upcoming
release of Rhino 6, which will allow easier integration of attributes to 3D geometry.
This change is easily updated in the newest version of Dugong.

●

Export as CSV (Comma Separated Notation) for importation into Rhino.

Testimonials10
‘That would be very useful in my work. I think it’s very cool to be able to simply get the
general understanding of the massing and then put that straight in [Rhino], and then you
don’t have to retrace anything.’ - Amelia Cooper
‘That’s quite good, actually. It's not really difficult.’ - Isabelle Chia
‘It helps me so much. I do this every single day. This will save me so much time.’
- Bek Collins

10

Transcripts of thinking-aloud interviews are located in Appendix iii
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Like a Version: Versioning of the Law
Versioning is a way of recording changes to a file system, where every change can be
tracked, changes can be suggested and each version is saved and can be ‘rolled back’
(Canova et al, 2015). In software, version control systems such as GitHub allow developers
to easily collaborate as modifications are stored in a central repository. It allows developers
to share whole projects, such as a website or web app, on an open platform. The code can
be forked (a copy of the repository downloaded), edited and reintegrated with the master
repository. Issues in the master can be flagged and addressed directly by the developer.
GitHub ‘provides a perfect medium for you and the project’s maintainer to communicate.’
(Brown, 2014). Gists are a part of GitHub, but instead of sharing the whole project, the
snippet of code represents the repository that can be tracked, edited and rolled back (Stack
Overflow, 2017).
Government policies would be made more explicit, and therefore more transparent, through
the use of versioning. The benefit of this would be considerable in regards to government
communication and transparency. For example, a public system using GitHub could track
changes to policies and bill proposals (Voelker, 2012). Proposed changes to legislation could
be uploaded publicly, the changes of one version from another evident and explicit through
‘diffs,’ which allow the user to see who edited, added and deleted what to create a new
version of the document (Shirky, 2012). Specific issues or questions in the bill could be
flagged and discussed directly with the proposing party.
Versioning control of bills and legislation could prove to be useful for government
proceedings and practices. In 2014, it was found that Canada’s senate debated the wrong
bill on two occasions, mere months apart (Fisher, 2014). This occurred due after the House
of Commons sent the wrong version of the bill to the senate, leaving out four amendments in
the Fairness for Victims Act. The wrong version of the bill was then debated in the senate,
and on discovery of the error, the bill had to be re-introduced. If a computational versioning
system was in place, the government could ensure that all members of parliament have a
copy of the most recent version of legislation. Efficiency of the legal process would be
improved.
‘Open Legislation’ has been tested on GitHub multiple times, either experiments directly from
a government body or software developers. For example, the New York Senate has hosted
this ‘Open Legislation’ on GitHub, where a senator and a list of bills sponsored by that
senator can be seen (Shirky, 2012). In Germany Wehrmeyer, a software developer,
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downloaded the German federal government’s set of laws and uploaded them to GitHub.
Germany posts their laws on the web, in a move towards transparency. However, the file
format XML makes it difficult to assess what changes have been made with each update
(Canova et al, 2015). By uploading the newer versions to GitHub, the versioning control
system allows the legislations to be made explicit and be compared on their changes. From
this, citizens can form their opinions of the legislation, determining if the changes are
compatible with their ideal of society.
However, a question to be asked is why file versioning has not been widely adopted in law
practices, when it seems like a simple solution to the issues discussed above? Few in the
field understand what this technological advancement would bring. ‘Lawmakers can learn
from the value of interoperability, frequent updates, new releases, bug fixes and patches.’
(Hershowitz, 2011). This technological barrier could be removed by providing a ‘clean,
obvious, technical solution for lawmakers.’ (ibid)
Previous attempts at transparency in government have resulted in releases of chaotic data,
that do more to confuse than inform (Grimmelikhuijsen, 2009). Ultimately, the design of a
contemporary society lies with our government representatives, thus our communication with
policy decision makers is significant. ‘...by providing information, government can strengthen
citizen trust in government...transparency is an essential element for a highly performing and
trustworthy government.’ (ibid). Versioning of legislation and proposed bills offers to provide
a better, safer way to edit laws. GitHub represents the first steps of creating a central
repository where the credibility of law can be freely accessed and judged in an explicit
format. Minke is a computational tool aims to do just this, and supports the functionality of
Beluga, the building generation script, and Dugong, the open source web app.

Case Study: Minke
Minke is, a file versioning plugin for Grasshopper, has been developed using GitHub’s Gist
API. From GitHub’s online server, gists and their version history can be imported and
exported in the grasshopper workspace. This expands the functionality of Beluga. In a
similar way to Germany's exploration into computational law, versions of Beluga’s output can
be saved. This shows the development and change of building policy, allowing us to track
the computational flow of translated law. As the law is updated, connection to government
data sets is amended in parallel. Beluga uses these data sets to create the 3D form of the
city, so as the data set is updated, the 3D form of the city changes. These versions are then
saved to a Gist, and can be iterated through. Through this, we can see the physical impact of
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legislation over time. David Haron, NSW Dept. of Planning Senior Planner, mentioned
versioning control as a ‘big thing’ in maintaining geospatial databases with many councils.
Visualising these changes allow a deeper understanding of how the law has changed over
time. From this history, motivations for policy changes and the trends that these changes
bring forth can be identified. Visualisation of the progression of building envelopes
contributes to understanding and can help assist in future policy development.

Beluga

⟹

Gist

With Minke, versioning of the law as 3D can be applied to Beluga. The 3D form of the law
can be exported as a gist and saved online. This would allow us to see the physical impact
legislation has on the cityscape, letting different renditions of the law be compared.

Figure 35: The workflow of sending a 3D form from Beluga to Minke, to create a Gist
uploaded online.

Gist

⟹

Grasshopper

Using the link generated by Dugong when the building is saved, we can import the
GeoJSON stored online with Minke. Using this link, and an authorisation token from the
GitHub account, Minke uses GitHub’s API to extract the Gist from the web page.
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Figure 36: A Gist saved from Dugong. GitHub renders GeoJSON natively (Github, 2017).
Now that the GeoJSON is isolated, it can be converted to Grasshopper geometry using
Humpback’s ‘GeoJSON to Polygon’ component. The sketch from Dugong can then be
refined further, with a feasibility study.

Figure 37: A Gist saved with Dugong can be imported into the Grasshopper workspace using
Minke.
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The geometry can now be edited and evaluated with more advanced tools. Grasshopper
has the capability for sun and shadow studies, and also advanced model making. The
building design can now be worked on further and quickly using Dugong and Minke to inform
the preliminary design stages.

Figure 38: The geometry previously drawn in Dugong, imported into the Grasshopper/Rhino
workspace with Minke.
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TL;DR

Figure 39: The four prototype tools and their relationships.
This research showed how the interoperability of data facilitates interdisciplinary workflows.
Beluga, Humpback, Dugong and Minke work together using computational techniques to
communicate the 3D form of the law from government data sets, delivered clearly and
explicitly to the built environment designer. The designer can then use these tools to
expedite a streamlined and informed preliminary design process:
1. Planning controls are downloaded as an GeoJSON from AURIN, a government
platform. These are brought into the Grasshopper workspace using Humpback,
which converts them to cadasters and data.
2. Beluga combines the data sets to one site. It then uses these rules as variables in a
visual script to create a 3D form.
3. The 3D form of the law is then converted to a GeoJSON by Humpback.
4. The GeoJSON can be read by the web platform, Dugong. Dugong enables
visualisation and and interaction with the law. Built environment designers can select
a site and ‘sketch’ their own building, receiving instant feedback of the new forms
feasibility and compliance with the law.
5. The sketch and feasibility study is saved to a Gist by Dugong, producing a link. This
link is used with Minke in the Grasshopper space to import the sketch.
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6. The sketch was imported in GeoJSON. Humpback converts the sketch to 3D and the
built environment designer can use this preliminary form and analysis study to refine
their design.
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Evaluation
Addressing the Objectives
The findings of this study have a number of important implications for future practice, in
computational design, urban planning and the law. Through a process of literature reviews,
action based research and interviews, issues in urban planning were identified and
addressed. Through the course of the study, it was established that:
Open data can help inform better urban planning decisions
With computational design techniques, open data from government resources can be
interwoven into computational processes to create an algorithmic translation of building
legislation. Humpback facilitates this by enabling GeoJSON to be imported into
computational tools and GIS web apps. Dugong communicates the law explicitly and
interactively for built environment designers. This interface allows fast prototyping and
experimentation, so designs that are ‘...produced quickly, in a moment of inspiration...,’ are
swiftly analysed for the feasibility as a building (McAffee and Brynjolfsson, 2017). Therefore
more time can be spent on design, and less on analysis.
Web applications can be a tool to promote computational techniques
Web applications, such as Dugong, make the functionality of computational techniques
available to a wider market. Visual scripting in Grasshopper can create a barrier of
knowledge. Web apps capture computational techniques and simplify the interface so that all
designers can interact with computational tools and enrich their design.
The preliminary design stages were streamlined
Using the four prototype tools, the preliminary stages of design, including feasibility analysis,
were streamlined. Humpback allows the transfer of data in between interdisciplinary
platforms. Dugong produces quick feasibility studies specific to the selected site, and Minke
enables the sketch and study to be brought into the Grasshopper workspace for further
refinement. The thinking-aloud interviews reviewed Dugongs functionality in an office
environment. Participants embraced the interdisciplinary method of working as it allowed
them to complete tasks faster:
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‘It helps me so much. I do this every single day. This will save me so much time.’
Bek Collins, Thinking-Aloud Interview, Appendix iii

Figure 40: The four prototype tools.

Exposure
Two conference papers have been presented alongside the investigation.
1. Urban Planning and Property Development Conference (UPPD 2017),
Singapore:
Presents Humpback as a GeoJSON compatibility tool for Grasshopper and
UrbanCoDe as a presentation platform.
2. Urban Design Conference (UD 2017), Surfers Paradise, QLD:
The conversion of law to code, presenting Beluga, Dugong and Minke as
computational tools.

Next Steps
Humpback and Minke
Humpback was released as a plugin for Grasshopper on Food4Rhino in March of 2017.
Humpback had its second release in October for bug fixes and to maintain its compatibility
with Mapbox’s newest API update. Humpback also offers a wider application than GIS
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interoperability. Supported by Flux.io, the GeoJSON can be sent to Revit, SketchUp,
Dynamo, Excel, Google Sheets, AutoCAD and 3dsMax.
Minke has not yet been released on Food4Rhino, and further plans for development and
functionality are in progress, with an aim to support collaborative workflows. As well as file
versioning, Minke could also be used to backup scripts, add comments, history slider, data
dam and support multi-file gists.

Dugong and Beluga

⟹

Urban Pinboard

Urban Pinboard can play a role in collecting and visualizing data from different sources to
make them available to a wider community. This is where we see the greatest strength of
Urban Pinboard with Dugong and Beluga. Urban Pinboard is an interface to access data
through a 3D user interface which is legible to the public, design professionals and
government users. The functionality of these tools can be combined as plugins for Urban
Pinboard, as it could analyse a proposed building’s compliance with the law. Through this,
the community may be able to better judge and understand a project. Through transparency,
the community gains more trust in planning processes.

Significance
This study has provided an understanding of what can be possible when interdisciplinary
subjects are explored. Computational design, urban planning and the law can benefit from
the cross-integration of knowledge, as demonstrated in the tools, Humpback, Beluga,
Dugong and Minke.
This research is significant for a variety of reasons. Within architecture, streamlining complex
analysis allows the designer to deliver tasks in a shorter amount of time. The routine
elements of the design processes can be automated so that the architect can focus further
on problem solving and articulation of design.
Additionally, the 3D form of the law can help guide policy makers in the processes of creating
and maintaining building legislation. The parameters of HOB, FSR and sun planes can be
manipulated to display different versions of the city under different conditions. Thus, the
complex relationship between each policy and their influence on the final form can be
analysed. This framework can be used to test urban policies before they are implemented.
In a similar schema to Dugong, DA approval could be streamlined through a web app. A 3D
model of the development could be submitted to a site like Dugong, and an immediate
analysis of the file could check if the building complies, and flag issues such as height and

80

FSR that exceed the legal limit.
Furthermore, through these explicit checking processors, transparency between the planning
processes and the community is improved. The community can trust planning decisions
because the rules for approval are unambiguous in the algorithmic law system. Automated
processing could aid in rapid, yet considered urbanisation, as laws are tested before they are
implemented, and developments can receive accelerated pre-approval. Enabling individuals
from many fields to understand the law is significant, as echoed in our interviews with Urban
Planner David Haron and Planning Lawyer Peter Holt. To quote Robert J. Shiller, ‘In the
longer run and for wide-reaching issues, more creative solutions tend to come from
imaginative interdisciplinary collaboration.’ This modus operandi is reflected in the study.
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[Appendix 1]
Development of Dugong
Term

Deﬁnition

React.JS

React.JS is a user interface library developed by Facebook that
selectively renders a webpage, allowing for dynamic updates on
the client side. The way it passes information is different from
native, JavaScript.

NPM

Node Package Manager, a command line interface program that
manages plugins. Installs plugins for React.JS to use.

State

State holds data that is changed by the users interactions

Props

Similar to state, however the data it holds does not change

Sketch

A term coined to describe the action of ‘drawing’ onto the map

GitHub

GitHub is a platform that allows developers to collaborate
openly online through a file versioning system.

Gist

A gist is an easy way to store and share one file of code, hosted
by GitHub

Setting up the Server and & Initialising Map

Initial screen of Dugong
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Hosting React.JS apps requires the installation of NPM and their packages. NPM packages
such as Mapbox, Mapbox Draw, Turf and Bootstrap were used. The back end of the app
was set up though GitHub with a fork of the repository create-react-app11.
After hosting the app, the next step is to set up the structure of the app. The user interface is
divided into a grid, where the map, control column and results column are set up and
populated.

A simple site layout helps guide the user
The GeoJSON for the sites of Sydney must be inserted into the map. The map API can read
the GeoJSON geometry and properties and render it onto the map.
Between the time UrbanCode was developed and the start of Dugongs development,
Mapbox had released a new version of their API. A challenged encountered was updating
the code to work with the new API. As a result, they were displayed as flat shapes as the
height values were not being read. After reviewing the docs, the problem was that the
previous version accepted the height property as both strings and numbers, but the latest
version only accepted a number value. This was temporarily resolved by running the
GeoJSON through a loop and converting the height properties values to numbers. In the
long term it was solved by updating Humpback to export number value as numbers. This
update was released with Humpback 1.1 on Food4Rhino.

11

https://github.com/facebookincubator/create-react-app
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Selecting a Site

The user selects a site on the Dugong map interface
Once the site is selected by the user, the action compares the ID of the lot to another
GeoJSON, which holds the data of the building envelope. The item with the matching
GeoJSON is the only one rendered, and this is done by altering the ‘state’ of the site. In
React.JS, states are container objects that hold data. If the state is changed, the data
updates and this makes the interface interactive, or ‘reactful.’
Once this was set up, a new site is selected every time a click action occurs. However, this
led to accidentally selecting a new site when in the middle of other actions, for instance
drawing the a building footprint. To combat this, a button was added to control when a new
site is to be selected. Selecting a site sets the button state to off, so the user does not
accidentally click another site. The user can only select another site by toggling the button
‘select site’ which changes the state to true.

Display Cadastral Data
The data that can be extracted out from the properties of the selected site includes the Lot
Number, Council, HOB, FSR, Land Use and Heritage.
This information can then be parsed from the parent to child to be rendered. This is a
characteristic of React.JS that enables to compartmentalise and keep different functions
separate. This makes it easier to maintain and organise the code. The data is parsed to the
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SiteInfo.js file via props, a object container similar to state. This data updates as a new site
is selected.

Site information, extracted from the selected site on the Dugong map

Opacity Slider for Building Envelope
The building envelope should be able to change visibility, so the user can see at which
points that the drawn sketch exceeds the legal envelope.
Another state is set up to be populated with the opacity value. The value changes when the
slider is triggered, within a range of 0-1. The opacity state is then a value in the GeoJSON
layer property, which re-renders when the value is changed.

Changing the envelope opacity allows the user to see if their sketch is within the legal
setbacks for the site
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Drawing Building Footprints and Adding Properties
Adding the draw tool to the map required a plugin that adds the functionality. The tool shows
the symbol for a polygon and a trashcan, to delete unwanted polygons. An ‘Extrude
Selected’ button converts all polygons on the map to GeoJSON and adds them to a layer for
rendering. Default properties such as height and colour are given to all sketches, which can
then be changed by the sliders.

Building footprints are drawn using a polygon tool from Mapbox Draw

Changing Individual Building Footprint Properties
Properties for a layer can be set two ways; as a property that applies one value to the whole
layer (as we did with the opacity before), or can be read directly from the GeoJSON, which
enables different geometries to have different values on the same layer. When a polygon is
drawn and converted to GeoJSON, it is automatically given a random ID as one of its
properties, as well as height, base height and colour. Sliders change the values and
re-writes the GeoJSON with the updated properties, which are then read and rendered by
the map. To control individual polygon’s colour, we can use the ID to only re-write the
properties for the selected geometry. This enables the user to create different shapes on
site, to explore feasible design options.
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Individual buildings properties can be altered by selecting the footprint, and then changing
the property with the slider

Feasibility Calculator
The feasibility study of the sketch is what makes Dugong unique. A NPM plugin called ‘Turf’
can calculate the area of a footprint polygon. With the area of the footprint known and the
height from the slider, it is easy to calculate building values such as HOB, FSR, GFA and
GBA. These are then sent as props to SiteInfo.js. To alert the user when a property has
exceeded the legal limit, a conditional renderer compares the site prop to the drawn
geometric prop. If the drawn geometries prop exceeds the amount of the selected site, then
the text turns red.
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The feasibility updates as the building form is changed

Save Building to Gist
Using the GitHub API, we can save out the drawn GeoJSON, for later use in Grasshopper.
When the ‘Save Building’ button is clicked, the code contacts GitHub to create a new Gist,
and the building is saved. The server then responds with the URL of the saved Gist. This
URL is then set as a state and rendered to the interface, so the user can follow the link. This
link can be passed to Minke and the data received and converted by Humpback, for further
editing of the form in Rhino/Grasshopper.

Building saved as Gist on Github
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