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TRANSIT ORIENTED DEVELOPMENT ASSISTIVE INTERFACE 
(TODAI)

-A Machine Learning Powered Computational Urban Design Tool 
to enhance TOD planning processes 

Against the backdrop of burgeoning urbanization, cities are becoming 
increasingly packed with people and vehicles. With overpopulation, 
traffic congestions becoming problems in modern cities, it is 
increasingly vital to make urban development sustainable. According 
to United Nations New Urban Agenda, by 2030, 60% of the world’s 
population will live in the cities, and the population to be doubled by 
2050. Making cities sustainable and liveable is the foremost essential 
task in the twenty-first century. 

In the last few decades, researchers had brought up urban planning 
paradigms that are characteristically transit oriented. Transit-Oriented 
Development (TOD), first proposed by Peter Calthorpe, is one of the 
planning paradigms that has gained increasing popularity among 
many cities globally. TOD describes developments in areas near 
transit hubs, where the development encompasses the features of 
compactness, walkability, and mixed usage. TODs often have the 
attribute of the 3Ds – density, diversity, and design. 

Transit-oriented Development(TOD) is widely regarded as a 
sustainable development paradigm for its sensible space planning 
and promotion of public transit access. Research in providing decision 
support tools of TOD may contribute to the Sustainable Development 
Goals, especially towards sustainable cities and communities (SDG 
goal 11).

While the existing Geographic Information System (GIS) approach 
may well inform TOD planning, computational design, simulation, 
and visualisation techniques can further enhance this process. 
The research aims to provide a data-driven, computational-aided 
planning support system (PSS) to enhance the TOD decision-making 
process. The research adopts an action research methodology, which 
iteratively designs experiments and inquires through situating the 
research question in real-world practice. A work-in-progress prototype 
is provided - Transit-Oriented Development Assistive Interface 
(TODAI), along with an experiment in a newly proposed metro station 
in Sydney, Australia. TODAI provides real-time visualisation of urban 
forms and analytical data indicators reflecting key considerations 
relevant to TOD performance. A regressive machine learning model 
(XGBoost) is used to make predictions of analytical indicators, 
promptly producing outcomes that may otherwise require a costly 
computational operation.
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The proposed research aims to address the features of TOD as mentioned 
above by providing an interactive design interface to facilitate the urban 
planning design decision-making process. The proposed tool - Transit-
Oriented Development Assistive Interface (TODAI) has the following key 
functionalities: (a) generation: update the urban form based on new TOD 
planning input in real-time (b) analytics: monitors the key TOD outcome 
matrices covering population density, development density, urban mix index, 
amenity index, walkability, and other demographic details. A regressive 
machine learning model is prepared using XGBoost to power the real-time 
prediction capacity of TODAI. We have concluded the research with a case 
study in Western Sydney’s newly proposed metro station area. In the case 
study, we have used this tool to evaluate the urban design scenario of the 
Five Dock metro station in real-time. This research can be seen as further 
advancement in computational planning support tools and a successful 
instance of machine learning implementation in the built environment 
research. And an alternative computational solution toward the field of 
Transit-oriented Development.

We seek to plan the actions for developing the back-end design and 
development workflow, which includes the study of the previous TOD 
principles as identified in other research papers; the features of TODs to 
develop on; and the primary Grasshopper processes for realising such 
features. The plug-in Urbano is also used for importing GIS data from 
OpenStreetMap as well as the tool to analyse some features of TODs such 
as walkability (walkability score) and amenity popularity (amenity score), 
Galapagos is used for improving the urban forms and amenity locations for 
better walkability and all to be visualised by using Human UI as the plug-in 
for developing the TOD assistive interface.

This research proposes a framework to provide a data-driven, computational 
planning support system for Transit-oriented Development. This framework 
contains the following steps: data collection through publicly available 
sources, rule-based urban model generation, simulation and analysis, 
scenario testing and optimisation, and visualisation through a user interface. 
The simulation and opti-misation are further enhanced using the machine 
learning technique in order to provide prompt user feedback.
The research showcased an early prototype based on existing urban 
conditions in the Five Dock area in Sydney to test hypothetical TOD and 
its potential outcome by the proposed metro station. The urban form with 
optimised amenity allocation and data dashboard has been reflected in 
TODAI, giving insights on the TOD planning and development process by 
providing real-time feedback from given planning input.

The exploration of TODAI has indicated the potential of studying TOD’s 
features and characteristics using computational design tools. By using 
Rhino + Grasshopper, TOD redevelopment algorithms are capable of 
processing a large dataset and urban geometries and producing an ideal 
TOD urban optimisation and the outcome.

The research also contributes to planning support systems through 
computational tool development and machine learning techniques. The 
interface provides visualised outcomes of the TO development and 
encourages public participation by enabling non-expert users to explore 
different input combinations and interactively navigate different scenarios. 
This tool can also aid application for sustainable future developments in 
the Architecture, Engineer, and Construction (AEC) professionals to work 
cooperatively in the feasibility stage of a single project and a masterplan 
overview.Two types of machine learning algorithms enhance the process: 
1. evolutionary solvers optimise local decisions, where amenity location 
affects walkability, and built form affects solar access; 2. The regressive 
ensemble learning model provides an “instant” prediction of the outcome, 
making real-time feedback in TODAI possible.By exploring the possibilities 
of applying the TOD paradigm into a real-world scenario, not only can we 
promote such tools to more fields and markets, but we can also integrate 
more urban planning concepts into the same project and produce urban 
development outcomes on the fly.
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