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A B S T R A C T

This article investigates the quality of urban spaces, emphasizing the need for systematic quantification to guide 
design and policy decisions towards sustainable urban development. It highlights significance of the high-quality 
urban environments and the opportunities for translating quality as a measurable metric in the design stage. The 
study builds on previous research that identifies the key variables and percentages to calculate the four quali
tative traits of beauty, ambience, safety, and comfort; identified through the analysis of urban suburbs in Sydney, 
Australia. The current phase of the research advances this work by using the calculated qualitative metrics as 
design objectives in the development of urban spaces through a generative multi-objective evolutionary algo
rithm (MOEA). This approach aims to integrate quantitative assessments into urban design, offering insights into 
creating inclusive and high-quality urban areas. Moreover, the research also proposes a method for integrating AI 
as a visualisation tool to convey the design output to the end user. The research underscores the complexity of 
urban quality, incorporating physical, social, and psychological dimensions, and advocates for a numerically 
driven approach to urban planning and design practices.

1. Introduction

The quality of urban spaces and their relationship with the sur
rounding urban tissues has been an ongoing focus for architects, urban 
designers, planners, as well as policymakers (Garau & Pavan, 2018). 
However, the criteria for defining a good quality urban space have 
evolved over the past century (Amin, 2002). Quantifying the quality of 
urban space enables a more systematic approach to urban development, 
providing an evidence-based framework for policy and design decisions. 
Furthermore, understanding what makes a high-quality urbanscape can 
support future sustainable urban design, promote environmentally 
friendly practices and help to reduce the impacts of climate change on 
urban communities (Dempsey et al., 2011). Ultimately, improving urban 
quality can increase economic growth, reduce social inequalities and 
improve public health (Rydin et al., 2012).

The sustainability and longevity of the urban environment, as well as 
the satisfaction, comfort, and sense of belonging of its inhabitants, 

determine the quality of urban space (Carmona, 2010). These features of 
urban design encompass both physical and abstract aspects, such as 
auditory, visual, and tactile elements (Amin, 2002). Wayfinding, image 
identity, community, public life, physical fabric, and their intricacies are 
all included in a “good” urban environment, and visual identity is 
dispersed across paths, nodes, edges, districts, and landmarks (Amin, 
2002). The psychological perception of space and the experiences of its 
inhabitants also play a role in the development of urban quality (Amin, 
2002). Individuals and communities have varying opinions on urban 
space, rendering it necessary to examine experiences from multiple 
perspectives in order to learn how to enhance quality (Lynch, 1960).

Establishing the quality of urban space and determining how to 
improve it requires measurement and analysis of the fundamental values 
shaping urban environments. The study described in this paper was the 
second phase of the authors' research on the quantification of urban 
quality. Phase 1 of the research consisted of an examination of existing 
methods of quantifying quality, followed by development of a new 
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method comprised of an image survey, image segmentation, video 
analysis and GIS correlation analysis, and its application to selected 
locations in Sydney, Australia. Key qualitative traits were identified and 
categorised based on correlations between the results of these analytic 
approaches.

In this first phase of the research, the main metrics connected to each 
qualitative trait were numerically quantified, thus serving as guidelines 
for initiatives that seek to improve urban quality. One such initiative, 
which is the focus of this research, is the integration of the collected data 
within a generative design model that facilitates the analysis of existing 
urban quality and the generation of new proposals.

This paper presents an extensive summary of the findings of the first 
phase of the research and establishes the current state of the art, in 
which the numerical representations of four subjective qualitative per
ceptions of urban space are presented. This is followed by the integration 
of these metrics within a generative design process that presents a highly 
adaptable model that can be modified by designers based on their own 
analyses of urban space. Finally, the research ends with an AI approach 
to visualisation, also embedded as part of the proposed design model.

2. Background and context

Measuring urban quality is an extensive and complex field of 
research; despite a multitude of initiatives that aim to determine the 
meaning of urban quality (and how to measure it), there lacks a 
consensus on a single definition. It is observed that different methods of 
analysis of urban quality have resulted in different interpretations and 
conclusions (Wesz et al., 2023). However, despite this, it remains critical 
for designers to quantify urban quality to provide an objective frame
work to judge urban environments. Doing so provides a better under
standing of how various design strategies impact the quality of urban 
space before its implementation. This evidence-based approach helps 
designers make informed decisions, as well as facilitates communication 
among stakeholders. This is applicable in both the analysis of existing 
urban space, but more importantly, in the design of new urban spaces. 

Through the quantitative representation of urban quality, deeper in
sights can be attained into the strengths and weaknesses of urban areas, 
particularly from the perspective of the resident.

Recent technological advancements have made it possible to mea
sure urban elements more efficiently and accurately. This has led to a 
range of methods to understand and improve urban quality, each uti
lising different approaches to data collection and analysis with varying 
degrees of success. Physical site observation, employed by researchers 
Cheung (2018) and Liu (2018), involves collecting specific data such as 
traffic flow, pedestrian density and activity patterns through direct 
observation. This provides contextual understanding and immediate 
access to phenomena such as space usage at different times of the day. 
However, it is time consuming as it requires extensive periods to be 
spent on site to collect data across different times and seasons for a 
comprehensive analysis. In an attempt to circumvent the limitations of 
physical observation, the integration of GIS (Geographical Information 
System) with SVI (Google Street View Images) assisted computer vision 
(CV) and machine learning (ML) presents a more digitally driven and 
efficient approach. Toohey et al. (2022) utilised this combination to 
analyse infrastructure quality and availability for bicycle-friendly urban 
forms. Digital methods enable the collection of larger sample sizes 
compared to physical observation, enhancing time efficiency. However, 
SVI can introduce biases by providing views primarily from vehicles 
rather than pedestrians, and large sample sizes require careful consid
eration of demographic variations. Despite this, visual analytics is a 
powerful tool for understanding pedestrian response to urban space. 
Andrienko and Andrienko (2013) used trajectories and bird's eye views 
to analyse movement data, with interactive techniques and computa
tional processing. This allows for a large amount of data to be collected; 
however assumptions are required to translate people's interactions with 
urban space to the qualitative definition of the space.

In contrast to these large-scale digital methods, small scale volunteer 
experiments offer a different approach that captures more intimate re
sponses to the urban space. A smaller sample size allows for methods to 
be used that would otherwise not be possible through large scale 

Fig. 1. Sydney locations selected for image procurement. Locations were chosen based on variation of urban conditions.
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analyses. One such example is research by Hollander and Foster (2016)
in which portable EEG monitors were used to record participants' 
physiological and psychological responses as they walked through res
idential streets, allowing for the collection and translation of human 
experience to quantitative data sets. As expected, the small sample size 
(driven primarily by time constraints) is a major limitation to this 
approach. However, the data collected provides insights not accessible 

to the more conventional large scale analysis methods.
Regardless of the various advantages and limitations to the different 

methods of qualitative analysis of urban space, each approach uniquely 
contributes to a deeper understanding of urban environments. Although 
it may be impossible to provide a single method that combines all these 
approaches into one, it is important to acknowledge that there is not a 
single optimal approach to qualitative analysis of urban space. Yet, it is 

Fig. 2. The survey format shared to participants. The survey was published through an online platform and shared through public social media channels.

Fig. 3. Survey results were ranked for each urban trait from best to worst, with best and worst three from each trait presented here.
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clear that most attempts to analyse urban quality are either objective or 
subjective (Garau & Pavan, 2018). In this context, the method for data 
collection to quantify the quality of urban space developed for this 
research relies on both objective and subjective modes of collection and 
analysis. Although a more robust explanation of the method can be 
found in the first phase of this research, an extensive summary of the 
developed method is presented below. The data collected from this 
method is used as the input parameters for the generative design model 
presented in following sections.

2.1. Quantifying urban quality

As stated, the objective of the developed analysis method is to 
identify a set of quantifiable metrics to measure the quality of the built 
environment. To do so, the primary focus of the study was the city of 
Sydney and its surrounding suburbs. 13 urban locations across Sydney 
were selected for analysis, representing a diverse range of urban typol
ogies, such as high-rise urban fabrics of the central business district 
(CBD), to the low-rise suburban housing that dominates Sydney's west 

(Fig. 1). Photographs were taken from each location to mimic a pedes
trian's experience in the urban environment (as opposed to the vehicle- 
based Google Street View images used in similar studies). The photos 
were then embedded within an online survey that asked participants to 
rank the urban quality presented in the photo as good, neutral or bad, 
across five key traits: safety, comfort, beauty, ambience and character 
(Fig. 2). The identification of these five key traits was primarily based on 
how a pedestrian of the urban space can relate to their urban environ
ment, using key words that are void of complex design language. Similar 
approaches have been implemented in studies that responded to 
pedestrian interactions with urban space (Talavera-Garcia & Soria-Lara, 
2015). Additionally, utilising photographs that captured the pedestrian 
view was critical to ensure the respondents assessment of the images 
were reflective of their perception as a pedestrian (not the vehicle).

The survey collected responses from 236 individuals (approximately 
50 % of the respondents were from Sydney, with the other 50 % living 
internationally), with a total of 4791 individual image responses. The 
images were ranked and sorted based on their scores against each trait 
individually (Fig. 3), as well as ranked and sorted based on their 

Fig. 4. The survey results for each trait were then normalised and combined to present the best and worst images overall across all traits.

Fig. 5. An example of the image segmentation algorithms used. An original image (left) is used as an input for the two image segmentation algorithms. The first, 
PSPNet (middle) calculates the occurrence of an urban trait through a percentage, while the second, R-CNN (right) calculates the occurrence of an urban trait through 
the number of times it appears in the image.
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collective performance on all 5 traits (Fig. 4).
The ranked images were then analysed using image segmentation, 

primarily through the use of pyramid scene parsing (PSPNet – semantic 
segmentation) in which the algorithm identifies the percentage of an 
image that falls within a specific category (such as sky, trees, ground, 
buildings) and a region-based convolutional neural network (R-CNN – 
object detection), which identifies the numerical occurrence of those 
categories (Fig. 5).

The overlay of the algorithms' results produced a clear and 
comprehensive understanding of the urban characteristics that 
contribute to the survey respondents' high or low ranks. This analysis 

identified nine quantitative metrics that contributed substantially to 
each urban trait with respect to the images evaluated:

• shading
• skyview
• low-level greenery (shrubbery)
• trees
• seating
• ground material variation
• surrounding facade activation (i.e. buildings accessible to the public)
• modern buildings/facades

Fig. 6. The quantification of the four key traits of safety, comfort, ambience and beauty, against the urban conditions extracted from the survey results.

Fig. 7. The site selected was the Town Hall Area in Sydney's CBD. Above is the site's location relative to the greater Sydney CBD.
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• traditional building/facades

In doing so, the survey results and image analysis made it possible to 
specifically represent each qualitative trait with a percentile distribution 
of each urban metric (Fig. 6). (Note that no clear pattern was discerned 
for character, probably due to survey respondents defining it differently, 
so that trait was omitted from the remainder of the research).

Through the precise quantification of each trait, it is now possible to 
use this information as a design parameter in the conceptual develop
ment of an urban proposal, specifically through its integration in a 
generative model. This is presented in the following sections, in which a 
design experiment is conducted on an urban site in Sydney to demon
strate the opportunities of integrating the quantified metrics presented 
above in the design process.

2.2. Case study

The site selected for the quantification of urban quality was the Town 
Hall area in Sydney's CBD, a commercial, tourism and financial hub that 
forms the core of the city's central district (Fig. 7). Despite its vibrant and 

dynamic ambience and intertwined modern high-rises and heritage 
buildings, Town Hall area has few green spaces and plazas for the size of 
its residential and transient population, leading to a sense of urban 
congestion.

The selected site covers the superblock bounded by Kent Street, Pitt 
Street, King Street, and Bathurst Street, with the Queen Victoria Building 
(QVB) in the centre. Most of the buildings are commercial, with some 
mixed use (commercial and office, with minor residential). A figure- 
ground analysis (FGA) revealed few publicly accessible spaces, other 
than shopping centre interiors and the Town Hall Arcade (a small plaza). 
Another FGA highlighted the area's high proportion of heritage build
ings, which cannot be modified or demolished. A third FGA revealed an 
abundance of arcades, alleyways and an underground network that are 
currently underutilised for public access, with some alleyways very 
inactive in comparison to the rest of the site. Analysis indicated multiple 
wide and some extremely narrow sidewalks, and that most roads are 
one-way with 3–4 lanes, with a light-rail-only road (other than for car 
access to local buildings) cutting through the site along George Street. 
The commercial and touristic nature of the site means these roads 
experience constant high traffic and frequent congestion.

Fig. 8. The selected site was analysed against a multitude of metrics, including solar gain, space syntax, street widths, building heights, pedestrian sidewalk widths, 
and building functions.

Fig. 9. A simplified diagram of the experiment's pseudo code. The four steps are formulating the design problem, running the algorithm, analysis of the results, and 
visualisation.
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Fig. 10. The step-by-step process for the formulation of the design problem. Each variable in the steps above is a parameter used by the MOEA to create variation and 
evolve a new solution for evaluation, for the objective of optimisation.
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A solar analysis on the ground plane revealed spots that receive the 
most solar gain, namely the Town Hall Arcade, road intersections and 
the four road segments surrounding the QVB. Solar analysis of the 
building facades revealed that most low-level building facades and 
south-facing facades receive minimal sunlight. To analyse the overall 
connectivity of the area, betweenness centrality was calculated at both 
the vehicular and pedestrian scale, identifying spaces with high con
nectivity to every other space and thus high spatial quality (Stonor, 
2011). Vehicular analysis found high connectivity along Druitt and Park 
Streets and off branching roads such as Elizabeth and Pitt Street, coin
ciding with the observed high vehicular traffic. The results of pedestrian 
analysis coincided with observations of pedestrian traffic through the 
site, with George Street identified as a popular route. Most buildings are 
less than ~100 m tall; taller buildings, double or triple the average 
building height, are dispersed around the site (Fig. 8).

3. Method

The primary objective of the conducted qualitative analysis of the 
urban space (presented above) was the translation of subjective per
ceptions to quantifiable numerical representations extracted from the 
geometric assessment of the urban context. In doing so, a correlation (or 
‘link’) is established between what the urban space looks like, and how it 
performs against the 4 qualitative traits (safety, beauty, ambience, 

comfort). The main advantage of this is that it can now be used as input 
data in an optimisation algorithm that works to create design solutions 
that exhibit high correlations between the urban space, and people's 
perception of its quality. In this context, the four qualitative traits are 
used as design objectives for the optimisation process; however, due to 
their being multiple design objectives that may potentially be in conflict 
with one another (for example, safety is correlated with a high number 
of traditional buildings, while beauty is correlated with a low number), 
an optimisation algorithm is needed that can address this conflict.

As such, a multi-objective evolutionary algorithm (MOEA) is 
employed due to its ability to respond to a complex design problem 
(comprised from multiple conflicting design objectives) through a 
population-based model that generates an array of diverse solutions (De 
Jong, 2006). Through the use of a MOEA, there is no need to combine 
the design objectives into a single objective, thereby generating a 
diverse set of solutions that independently respond to each design goal 
(Deb, 2001). Such an approach allows for the ‘discovery’ of design so
lutions that may have not been considered through a conventional 
design approach (Coello et al., 2021).

In design, the value of MOEAs is amplified; the performance-based 
metric approach to a design problem allows designers to integrate cli
matic, environmental, and design metrics as key drivers for the algo
rithm, drivers that are usually in conflict with one another, thus 
negating the need to apply trade-off decisions in the early stages of the 
design process. The past decade has witnessed the development of a 
number of design tools (embedded within mainstream 3d modelling 
software) that offer access to MOEAs without requiring the user to 
develop text-based coding skills (Abdulmawla et al., 2017; Harding & 
Brandt-Olsen, 2018; Makki et al., 2018; Vierlinger, 2013), resulting in a 
considerable rise in the application of MOEAs in design (Koenig et al., 
2020; Makki et al., 2022; Raymond et al., 2024; Showkatbakhsh et al., 
2021; van Ameijde et al., 2022). As such, and in the context of the sig
nificant advantages of employing an MOEA for a numerically driven 
design problem comprised from multiple conflicting design objectives, 
the presented research employs the NSGA-2 algorithm (a MOEA devel
oped by Deb et al., 2002), which is embedded within the design tool 
Wallacei (Makki et al., 2018).

The design objectives used in the MOEA are the four qualitative 

Table 1 
The four design objectives used in the MOEA. Each objective was calculated through the quantified traits presented in Section 2.1.

Table 2 
The MOEA settings and simulation runtime for the experiment.

Simulation size Algorithm settings

Generation size 50 Mutation rate 1/n (n = no. of 
variables)

Generation count 100 Crossover probability 0.9

Population size 5000
Mutation distribution 
index 20

Number of 
variables 1984

Crossover distribution 
index 20

Size of search 
space

3.5 ×
10218 Simulation runtime 9 h: 58mins: 5 s
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traits, which in turn are defined by the 9 urban metrics (presented in 
Fig. 6). The presented experiment comprises a four-step process: The 
formulation of the design problem (including site selection, construction 
of the design solution, identification of design parameters for the algo
rithm to control, and the calculation of the fitness objectives for the 
algorithm to optimise towards); the running of the MOEA; Analysis and 
selection of the optimal design solution, and ai-assisted visualisation of 
the selected solution (Fig. 9). The following sections present each step of 
this process.

3.1. Experiment setup

3.1.1. Formulating the design problem
The desired qualities of an urban space vary based on factors such as 

context, culture and climate. The method used in this research to design 
a quantifiably successful urban space enables multiple parameters to be 
altered and adapted to fit the preferences and scenario of each unique 
site. The adaptability of this methodology allows for the formulation of a 
design problem specific to a chosen site, in this case, Sydney's Town 
Hall.

The site covers a 350 m × 625 m area centred on the Queen Victoria 
Building, with many features offering potential for urban intervention. 
They include multiple lanes and alleyways currently used for service 
access, non-heritage buildings, and multiple one-way roads.

Conventional approaches to public space integrate high density 

locales through singular contained typologies. In contrast, the proposed 
model employs a distributive approach, recognising existing areas of 
open ground such as roads, lanes and alleyways as opportunities for new 
public urban spaces. These areas could be expanded and improved by 
the removal of buildings that fit certain criteria (in this case, lacking 
heritage protection and lower than a predefined height limit of 70 m), as 
explored in the current experimental redesign of Town Hall.

3.1.2. Constructing the phenotype
The design goal was to revitalise Town Hall, achieving a higher- 

quality spatial experience through improved distribution of greened 
public spaces, repurposing lanes, alleys, roads and non-heritage build
ings, using the results from the data collected via the urban analysis in 
the distributed survey. The first step in the construction of the pheno
type was to identify heritage buildings, buildings of cultural signifi
cance, and buildings above a certain height (set here at 70 m) as “fixed” 
and unlikely to be demolished in the near future. This list of retained 
buildings can be modified to suit the unique context of each site, 
allowing a designer to select or omit elements to retain or remove 
(Fig. 10a).

To refine the list of removable buildings, the aforementioned lanes 
and alleys were identified, and buildings nonadjacent to them were 
culled. This guaranteed that only buildings occupying space connected 
to pedestrianised lanes or alleys could be removed (Fig. 10b). The MOEA 
was then given control of which buildings to remove and convert into 

Fig. 11. A sample solution set from Generation 0. This first generation is a randomly contains solutions that are randomly generated by the algorithm in an attempt 
to cast the widest nest across the search space.
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Fig. 12. The results (data) of the MOEA. Each row in the figure represents the fitness values for all solutions in the population for a given fitness objective. The fitness 
values are presented through four modes, all for the purpose of identifying two key characteristics: Variation of solutions in the population and convergence of 
solutions towards a global (or local) optima.

Fig. 13. The fitness values of all solutions in the population (across all objectives) presented through a parallel coordinate plot. Each Y-axis represents a fitness 
objective, and each solution in the population represented through a single line. The gradient red to blue presents solutions from start to end of the simulation 
(respectively). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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public open space and which to retain by modifying variable parameters 
(termed as ‘genes’ in the application of evolutionary computation), 
labelling them ‘true’ or ‘false’, for each building (Fig. 10c), with de
cisions influenced by metrics such as solar gain and skyview. Lanes and 
alleys were tested for adjacency to newly created open spaces, and if not, 
removed from the redesign process (Fig. 10d).

To recognise the impacts of reducing building density, the volume of 
the buildings removed was calculated. This volume was doubled and 
redistributed evenly among the remaining buildings to demonstrate that 
the floorspace lost from demolishing certain low-rise buildings can be 
redistributed in surrounding buildings thus regaining real estate value 
(Fig. 10e).

These steps established open spaces, lanes and alleyways and sup
ported the next step of selecting roads to convert into pedestrianised 

spaces. First, all the roads that could be converted were identified. Site 
analysis of Town Hall showed that roads running east and west experi
ence more vehicular traffic than those running north and south, which 
are generally narrower and more commonly single-lane, one-way roads. 
Thus, roads running north and south (excluding George Street due to its 
tram line) were considered pedestrianisable (Fig. 10f). Then, to cement 
the establishment of these newly implemented pedestrian spaces, 
existing points of interest such as the QVB, Sydney Tower, Hyde Park, 
Sydney Town Hall and locations outside the selected site were identified 
(Fig. 10g). Existing points of interest are the first layer of analysis in 
selection of roads to pedestrianise. The proximity of each pedestrianis
able road to each point of interest was calculated, and roads with lower 
average distance scored higher than those with larger distances.

The second layer of analysis is solar gain. This layer interlinks with 

Fig. 14. The top 25 solutions extracted from the simulation for further evaluation and selection.

Fig. 15. The chosen metrics to analyse (and differentiate) the top 25 design solutions.
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building removal, which can reduce shadowing and permit more sun
light on some open spaces (Fig. 10h).

The third layer of analysis along each road is skyview, which, as the 
survey data from phase 1 showed, is a metric intrinsic to the overall 

quality of a space. By favouring roads with a higher amount of view to 
the sky, there is more opportunity for the algorithm to identify design 
solutions with the desired amount of optimal skyview (Fig. 10i).

Scores for existing points of interest, solar gain and skyview were 

Table 3 
Each of the 25 solutions were assessed against the metrics identified in Fig. 15. Each metric was given an additional weighting, based on its value to the design goals 
of the experiment. The solutions were then ranked and the top 5 solutions selected for a second round of assessment.

Table 4 
The second round of analysis with updated weightings allocated to the urban metrics used in the analysis.
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added to provide an overall score for each road. The MOEA used these 
scores to select roads to pedestrianise. The site features nine pedes
trianisable roads, the algorithm was given the choice of converting 0–3 
roads (Fig. 10j). The highest-ranked and third-highest ranked roads 
were selected for pedestrianisation; the second highest-ranked road was 
redesigned to be more pedestrian friendly while maintaining vehicle 
circulation (Fig. 10k). The second road has a hard-coded design that can 
be reconfigured to deviate at intervals to reduce traffic speed. Once these 
changes were implemented, the remaining public domain and the newly 
pedestrianised public spaces were reintegrated into the design process 
(Fig. 10l).

The MOEA was used to integrate and designate vegetated spaces, 
driven primarily by solar gain, which were categorised into four regions 
(Fig. 10m). Regions that receive most sunlight are designated as spaces 
for trees, regions that receive sunlight for 45–70 % of the year are 
designated as spaces for low-level plants and greenery. Regions that 
receive sunlight for less than 45 % of the year are categorised as having 
low or no sunlight, then divided by pathways to allow for direct circu
lation from building entrances to centre lines of pedestrianised roads 
(Fig. 10n and o).

The results from the survey and image segmentation showed that 
variation in the material of both ground surfaces and building facades 
affected the perceived quality of a space. Hence, the MOEA was given 
control of the materials to apply to ground surface regions and the fa
cades of changeable buildings (Fig. 10p and q). In addition, because the 
amounts of activated facades and public seating were found to influence 
overall quality, the MOEA was given control over facade activation. All 

facades that faced public open space were divided into segments that the 
algorithm could reduce to reach the desired percentage of activated 
facades (Fig. 10r). Similarly, seats were distributed throughout the site 
based on proximity to elements such as trees and greenery, with the 
MOEA given the ability to cull their number to reach the target.

With all these elements in place, the final step of phenotype con
struction was the recalculation of skyview (Fig. 10s). The next step of the 
experiment setup is the definition of the fitness objectives that each 
phenotype will be tested against (Fig. 10t). These fitness objectives are a 
numerical representation of the design goals, which the MOEA can 
optimise towards.

3.1.3. Defining the fitness objectives
The fitness objectives implemented within the evolutionary algo

rithm were dictated by four of the qualitative traits analysed used in the 
image survey in the data collection phase of the research: ambience, 
beauty, comfort and safety. A granular set of quality metrics, identified 
through the correlations between the image segmentation results and 
the survey results, defined how these qualitative traits were measured 
(Table 1).

The percentages (i.e. occurrences of urban conditions) established 
through the assessment of survey images were converted into percent
ages within the phenotype using similar methods. The percentage of 
skyview was calculated by dividing the total number of outward- 
directed vectors by the number obstructed by an object, building or 
tree. Percentages of trees and low-level plants were calculated by 
dividing the total number of analysis points by the number of points 

Fig. 16. The selected solution, Gen.82;Ind.21.
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Fig. 17. Comparison of the current urban setting to the urban proposal presented in solution Gen.82;Ind.21.
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selected to become trees or low-level plants.
With these metrics established, and their targets based on their 

defined qualitative trait, each solution created was assessed based on its 
ability to reach these target numbers with a maximum deviation of 10 %. 
As a solution approached the target percentage the metric moved closer 
towards zero, which, because the MOEA's aim was to minimise, was 
therefore a more optimal solution. Each metric received a weight 
depending on its perceived importance to the optimal solution, and the 

metrics were added together to give an overall score for the corre
sponding trait (ambience, beauty, comfort or safety). The MOEA's used 
this score and control of the variables to create an optimal solution for 
each qualitative urban trait.

Fig. 18. Top view of the selected solution.

Fig. 19. Selected solution with the floor space added to existing buildings highlighted. (For interpretation of the references to colour in this figure, the reader is 
referred to the web version of this article.)
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4. Results

4.1. MOEA results

Through the definition of qualitative traits using multiple granular 
qualitative metrics, the MOEA generated optimised solutions that 
converged very successfully. The algorithm was run for 100 generations, 
with each generation having 50 individual solutions, resulting in a total 
of 5000 solutions over a simulation runtime of approximately 10 h. The 
settings used in the NSGA-2 algorithm are presented in Table 2. Fig. 11
showcases a subset of solutions extracted from the first evolved gener
ation, presenting the variation between solutions created by the algo
rithm as it starts its exploration of the design space.

As can be observed in Figs. 12 and 13, the MOEA outputs converged 
to a subset of varied solutions approximately midway through the 
simulation run. This is shown through the movement of the standard 
deviation's (SD) bell curves to the left from the first (red) to the last 
(blue) generation of solutions. The width of the curve represents the 
amount of variation between solutions in a given generation; the more 

variation, the wider the curve and vice versa. As the solutions converge 
to a smaller, optimised collection of solutions, the curve becomes nar
rower and taller. This is supported by the fitness values chart, showing 
the same generations as line graphs that move downwards as the fitness 
values for each solution decrease towards the target of zero. The mean 
value trendline displays convergence in the simulation's runtime 
through the reduction levelling of the trendline's curve (Fig. 12). Finally, 
despite all four fitness objectives (qualitative traits) converging towards 
an optimal subset of the population, the parallel coordinate plot con
firms that the four objectives remain in conflict (Fig. 13).

4.2. Selection mechanism

Of the 5000 solutions, a percentage were quantifiably better than 
others based on their fitness value for each fitness objective; these so
lutions are located on what is known as the Pareto front. As the total 
number of Pareto front solutions is typically too large for reliable 
analysis of each design option, the total pool of Pareto front solutions is 
filtered down to a more manageable size. To ensure variation is main
tained when filtering the Pareto front solutions, the filtered solution 
pool includes four key solution types (Showkatbakhsh & Makki, 2022):

• the fittest solution for each fitness objective;
• the solution closest to the ‘ideal’ non-existent solution (should the 

objective not have been in conflict) known as the Utopia Point 
solution;

• the solution with equal ranking for all fitness objectives; and finally
• the Pareto front solutions clustered (using a hierarchical clustering 

algorithm with a K value of 18), with the centre of each cluster being 
selected to be part of the filtered pool of solutions.

This resulted in 25 solutions for further analysis (Fig. 14). This 
filtration of solutions from an original population of 5000 to a subset of 
25 may seem extreme, but the subset retains the greatest amount of 
variation within the fittest solutions of the population (i.e. the Pareto 
front).

An initial visual analysis of the 25 solutions reflects the data pre
sented in the analysis charts (Figs. 12 and 13), which is that the algo
rithm was successful in converging the population towards a solution set 
with similar geometric characteristics. However, despite being visually 
similar, there are in fact granular differences between these solutions, 
thus requiring an equally granular mechanism to further analyse the 
solutions and select a single optimal one.

The first layer of the selection mechanism was the extraction of each 

Fig. 20. Location and distribution of vegetation in the urban proposal.

Fig. 21. Left: Betweenness Centrality analysis of the selected solution (average connectivity 49 %). Right: Paths between existing and new points of interest.
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qualitative metric from its combined score, allowing for the analysis of 
each metric as originally executed in the phenotype; these qualitative 
metrics formed the first layer of phenotypic indicators used to select a 
solution. In addition to these nine primary qualitative metrics, second
ary metrics (Fig. 15) were integrated into the phenotypic indicators for 
further analysis of the granular differences between solutions.

The phenotypic indicators were categorised into larger groups – 

Visibility, Accessibility, Environmental, Solar and Urban – for ease of 
analysis. Each metric was calculated for each solution, the highest 
metric converted to a score of 1 and the lowest to zero, and all other 
metrics scaled accordingly.

Each phenotypic indicator scores the various solutions and is then 
weighted by its importance in the selection process (in this experiment, 
all primary metrics received a weight of 2, and secondary metrics 

Fig. 22. Left: Solar analysis on street level (red to blue = most to least sunlight). Right: skyviews from focus points (red to blue = most to least visibility). (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 23. Focused snapshots of the various urban elements in the selected solution.
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received a weight of 1). The solutions' total scores (the sum of the 
weighted scores for all metrics) were normalised (0 to 1) and the top 10 
% (scores above 0.9) selected (Table 3).

4.3. Selected solution

The top 5 solutions were compared and further evaluated. This 
second round of evaluation included a reformulation of the weighting 
criteria for each urban metric, allowing for a much more nuanced 
analysis and assessment of the remaining solutions (Table 4). As a result, 
the highest-scoring solution from this second round was identified as 
Gen.82;Ind.21, thus becoming the selected design solution from the 
experiment (Fig. 16).

Gen.82;Ind.21 scored highly on beauty, was best for all accessibility 
metrics, second best for skyview, and scored highly on all other 
phenotypic indicators. Additionally, this solution provided opportu
nities to connect various urban elements through road reconfigurations, 
such as connecting the pedestrianised portion of Pitt Street with an 
additional pedestrianised portion to its south.

5. Analysis

Because the MOEA converged the evolved population towards an 
optimal subset of solutions, the qualitative aspects of the top 5 solutions 
were only marginally different; all were viable final designs. Therefore, 
secondary metrics (visibility, accessibility and connectivity, environ
ment, solar gain and urban condition) were required to differentiate 
urban quality. They were analysed in tandem with the primary quali
tative metrics (skyview, low-level greenery, trees, seating, shading, 
facade activation, modern building facades, traditional building facades, 
and ground material variation). The re-ranking of solutions, and the 
performance of accessibility and connectivity, in particular, enabled 
identification of Gen.82;Ind.21 as the final solution.

Comparing the final selected solution to the current conditions of the 
site demonstrates the success of the generative process. The analysis 
methods for the primary qualitative metrics were used to analyse the 
existing site. Spaces occurring in both the existing site and Gen.82; 
Ind.21, such as the Town Hall Square, George Street and the pedestrian 

portion of Pitt Street, were omitted to allow for a more direct compar
ison. Subsequently, it was obvious that the existing Town Hall site has 
much less open plaza and green space than the proposed design 
(Fig. 17).

The existing site's qualitative traits were analysed in the same way as 
for the generated solutions, creating manually calculated fitness values. 
The fitness values for each trait were then integrated into the list of all 
solutions generated by the algorithm, allowing for the existing solution 
to compared directly to Gen.82;Ind.21. The existing solution was in the 
30th percentile for ambience, 33rd percentile for beauty, 38th percentile 
for comfort, and 44th percentile for safety. In comparison, Gen.82; 
Ind.21 was in the 92nd percentile for ambience, 99th percentile for 
beauty (the best possible score), the 95th percentile for comfort, and the 
92nd percentile for safety.

From a visual standpoint, the proposed redesign of Town Hall would 
greatly improve its public domain. Gen.82;Ind.21 facilitates multiple 
urban conditions that coincide with the overall improvement of the 
urban qualities of the site. In particular, the MOEA tended towards 
pedestrianising roads adjacent to the QVB, and selected the most adja
cent road to maintain as mixed use, allowing for urban factors such as 
public transport and service access to be maintained in a pedestrian- 
friendly manner. Gen.82;Ind.21 involves two additional pedestrianised 
roads, one connected to newly introduced plazas and open spaces, and 
the other to the adjacent pedestrian portion of Pitt Street. As a result, 
Gen.82;Ind.21 creates a cohesive flow of public spaces in the dense 
urban fabric without compromising the flow of vehicular traffic through 
this segment of Town Hall. In creating this connected series of open 
spaces in the centre of the site, Gen.82;Ind.21 increases green space and 
vegetation cover dramatically. It establishes a diversity of spaces with 
unique qualities – narrow, publicly activated alleyways, shaded green 
spaces, and open thoroughfares that connect multiple points of interest 
(Fig. 18).

Additionally, the proposal to introduce additional volumes atop 
eligible buildings allows for the overall density of the site to increase. 
The design introduces volumes double of those removed evenly across 
the retained buildings (shown in blue), thereby factoring future growth 
in real estate availability into the design methodology (Fig. 19).

Gen.82;Ind.21's improvements to the existing site include an 

Fig. 24. Physical model visualisation of the selected solution.
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Fig. 25. The process of using ai (stable diffusion) to convert a sketch extracted from the 3d model to the final render used for visualisation.
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additional 2305.44 square metres of green space, allowing for approx
imately 170 additional trees and much new low-level flora (Fig. 20).

With the introduction of pedestrian-only “roads” in Gen.82;Ind.21, 
more pedestrian crossings on the mixed-use road and additional paths 
through open spaces, the overall connectivity of the area is improved, as 
an analysis of betweenness centrality (Fig. 21) shows.

Coinciding with Gen.82;Ind.21's increased green space is increased 
solar access throughout the site. Due to the density of tall buildings, 
many existing Town Hall streets receive little direct sunlight. The 
placement of green spaces throughout Gen.82;Ind.21 relies on areas 
with relatively high solar gain, as visual analysis of the redesigned site 
shows (Fig. 22).

Gen.82;Ind.21 was the statistically best solution with respect to the 
qualitative and survey data. The proposed method enables the proposed 
design's improvement to the overall quality of the site to be identified 
numerically (Figs. 23 and 24).

6. Visualisation

6.1. AI-assisted visualisation

The emergence of AI visualisation technology has revolutionised 
many industries, including design and architecture, unlocking new 
possibilities for visualising and conceptualising design ideas (Mirbabaie 
et al., 2022). Although controversial in its ability to replace human re
sources and dampen innovation (Van Laar et al., 2017), this technology 
empowers architects and designers to create immersive and realistic 

visual representations of their projects with unprecedented ease, as long 
as the approach to the utilisation of the AI technology is within the 
control of the user, and that it is used as a supporting tool that interacts 
and prompts greater creativity and innovation on the user's end (Santana 
& Díaz-Fernández, 2023). The accelerated design process provided by 
the AI visualisation technology also allows for the exploration of mul
tiple iterations within a reduced time frame, and offers added value 
through increased interaction with the design by means of converting 
simple inputs such as sketches into design concepts. This technology is 
utilised in the final stages of the generative phase of this research, to 
examine its effectiveness in its ability to translate design ideas between 
designer and client, and as a medium for further innovation and idea 
generation.

Through the use of the Open-Source AI Image Generation system 
Stable Diffusion, a series of views were captured using traditional digital 
architectural methods. With the selected solution 3D modelled, the 
views were captured in various display methods, such as perspectival 
linework. These images were then input into Stable Diffusion's Con
trolNet interface in addition to text prompts to guide the AI to generate 
the desired outcomes. The process of image generation is carried out 
multiple times, as the system is still unpredictable. Through the use of 
ControlNet and the linework image, the geometries of the generated 
images remain consistent with the actual design.

The generative process is capable of creating a high yield of images in 
a short amount of time. For example, in the span of an hour over 30 
images using the same view were created, each with varying degrees of 
success. The images are then filtered down based on preference for 

Fig. 26. Three examples of the ai process, with the shortlist of three renders displayed next to the final collaged image.

M. Makki et al.                                                                                                                                                                                                                                  Cities 167 (2025) 105369 

20 



particular elements in each and traditional architectural methods of 
collaging multiple images together creates a final outcome which com
municates the desired qualities of the space (Figs. 25 and 26).

The process of creating these visualisations was carried out multiple 
times, and to further explore the process different interpretations of the 
qualitative concepts was considered by having different visualisers 
generating images based on the same starting reference. In doing so the 
significance of generating a series of images and collaging the results 
into a single final image is emphasised, as through this process two 
different people, with different interpretations of the quantified quali
tative data can reach final images that share the same spatial qualities 
(Fig. 27).

6.2. Comparison to existing sites

As part of the initial analysis of the image survey results, the highest 

and lowest ranked images (2 of each) identified by the survey results 
were further examined to better understand the colour distribution as 
well as brightness embedded within each location, the results of this 
analysis coupled with a more in-depth examination is the focus of study 
of future research by the authors. However, in an attempt to further 
understand the output form the AI visualisation, the results of this colour 
and brightness analysis were compared to the results of the same anal
ysis conducted on the AI visualisations for the proposed model.

The two reference images chosen to compare the new designs against 
were the highest ranked images, located in Martin Place and Darling 
Square. As can be observed, through the iterative process of AI gener
ating a high yield of images, selecting the most desirable, and stitching 
their desired elements into a single final image, the proposed designs 
share extremely similar colour palettes as the reference images (Fig. 28), 
further demonstrating the correlation between the data that was 
collected to quantify quality, and its generative use for the design of new 

Fig. 27. different interpretations of the same initial sketch rendered by two ai visualisers.
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urban space.
Separate to this comparative analysis is a new typology introduced 

through the design process. The alley and laneway spaces identified in 
Town Hall's site were activated to the public through outdoor seating 
and dining space, and open storefronts. As this is a new typology, there 
were no survey images to effectively compare to; should this typology be 
implemented, the analysed image could be used as reference (Fig. 29).

7. Conclusions

The presented research makes part of a larger body of work that aims 
to provide a numerically driven approach to the quantification of urban 
quality. Where the first phase of the research collected data through 
subjective and objective input methods, in turn arriving at specific 
percentiles of urban metrics that define the four urban qualities of 
Ambience, Beauty, Safety and Comfort; the work presented herein ex
amines the integration of these urban qualities (and more importantly, 
their numerical definition) in a generative design process that utilises a 
multi-objective evolutionary process, which is an algorithmic process 
that is inherently capable to solving design problems driven by numeric 
fitness functions. Therefore, the translation from quality to generative 
was highly facilitated by the use of a model that allows for this, in this 
case being a MOEA.

The model developed in the presented research uses the Sydney CBD 
as a case study, in which the problem of accessible and usable green 
space within a high-density environment plagues the CBD (and others 
worldwide). The presented design problem makes several hypothetical 
decisions, such as the removal of some buildings, the interchange of 
vehicular roads to pedestrian ones, and the addition of ‘lost’ space from 
building removal to existing buildings that have not been removed. 
However, despite being hypothetical, the underlying decisions are 

highly functional, and within the 30 to 50 year projection for urban 
redevelopment with the CBD. More importantly, the aim of the devel
oped model is to demonstrate its highly adaptive capacity; different 
designers will approach the same design problem with a different set of 
variables, thus leading to a different design output, which is an option 
built into the developed model. However, key to the developed process 
is the optimisation of the urban proposal to the 4 urban traits listed 
above, using the same (or similar) percentile definition of each trait as 
per the data collected through the image survey. It is critical to highlight 
that should the survey have been conducted using images for another 
country, the percentile distribution of how each trait is defined would 
have likely differed, which in turn would have impacted the resulting 
design solution; however the process itself remains the same, thus pre
senting itself as model that can be adapted to suit different locations and 
design inputs, resulting in unique design solutions specific to the data 
inputted into the model.

The proposed method demonstrates the efficacy of complex simu
lations on qualitative models of the city, in a manner that can be 
adjusted to local conditions, external mitigating factors and various 
scales of implementation. The research analysis and development of 
interpretive models developed sequentially through site selection, 
multivariate qualitative model generation, analysis, and visualisation, 
each step producing distinct results, observations, and qualitative out
comes. Most importantly, what is developed is an adaptable model for 
integrating numerical representation of urban quality within a mostly 
automated generative process. As identified in the literature, there exists 
a wide range of methods to analyse and define urban quality; however, 
regardless of the method, if the qualitative analysis generates a quan
tifiable result, then it can be integrated within the design model pre
sented in this paper. A detailed pseudo code of the design model is 
displayed in Fig. 30, identifying the different parts that can be modified 

Fig. 28. Comparison of colour palettes of the selected solution (visualised through ai) to the highest ranked images from the survey. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.)
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by the user based on the data they have collected.
The research presents (and questions) the significance of the 2d 

image as a medium by which one can draw conclusions. There is no 
doubt to the significance of the 2d image as the primary format by which 
ideas are presented, either internally within design teams, or between 
designers and key stakeholders from the government and community. As 
such, the use of the 2d image may not be a full representation of the 
quality of space that is captured within the image, however it is 
considered as a fair representation to the overall quality one aims to 
achieve in the proposed space. Future steps in the research will aim to 
incorporate AR/VR to gain a better and clearer understanding of the 
spatial qualities generated through various design solutions; and it is 
expected that recent developments in AI, primarily image to video, will 
certainly streamline this process.

As work continues in this space, there are opportunities for 
continued development. These include the refinement of the methods by 
which some urban metrics are calculated, such as skyview or solar gain 
to factor in a higher granularity of obstructions by trees. Moreover, as it 
currently stands, the ‘loop’ of the presented research remains open, as 
the community whose feedback originally dictated the data used in the 
research were not engaged by receiving their feedback on the image 

results. This could be achieved through restarting the survey and 
including within it the AI visualisations generated and analysing how 
the images were ranked by the respondents, and if indeed they ranked 
them highly compared to other images. Most importantly, there is a 
danger of the presented method generating urban design solutions that 
fall in the ‘generic’, in which the individuality of urban space is lost due 
to the algorithm's ‘compliance’ with the required metrics that define 
each qualitative trait. Further research is required to ensure the pecu
liarity and uniqueness of urban spaces is retained, and somehow 
embedded as a design goal within the presented model.
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