ABU DHABI RECAP

How can we operationalise a context-aware definition of ‘good’ in urban
spaces that aligns public perception with expert theory through the use
of generative Al?

O1 What was the 02 What was the 03 What did we learn 04 What is the final

purpose? method? from this study? conclusion?

To test whether a Grasshopper-embedded AI  The workflow is evaluated on instrument We can use Al as a credible descriptive This experiment provides an early-stage

pipeline can define urban quality conditions behaviour, computed from geometry within instrument to translate perceptual condition  validation that generative AI (ChatGPT

(i.e., describe what the place is like and how a 3D model. AI models take care of the statements, through a combination of + SD in Grasshopper) can be used to

it may be experienced) reasoning and defining quality, which are objective and subjective metrics, to defineth  define perceptual qualities of a proposed
based on the metrics extrapulated from the quality of a space. urban space from measurable and visible
3D model. attributes, and do so in a way that can be

systematised as data + reasoning
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ABU DHABI RECAP

How can we operationalise a context-aware definition of ‘good’
spaces that aligns public perception with expert theory through the use

of generative Al?

01 What was the
purpose?

To test whether a Grasshopper-embedded
AI workflow can define urban quality
conditions (i.e., describe what the place is
like and how it may be experienced)

1 - Before AI can operationalise “good,”

It must first demonstrate it can define

urban quality conditions in a way that is
grounded (evidence-based) and repeatable
(instrument-like).

2 - Al can generate a descriptive quality
profile that is consistent with the spatial
features visible/measurable in the input, and
Is stable across repeated runs.

AND

AI can correctly explain its definition by
linking claims to specific metrics and visual
evidence.

3 - A design-integrated Al system that

can translate between measurable/visible
attributes and human-legible quality
descriptions, with explicit rules, traceability,
and reliability tests.
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QUANTIFYING QUALITY
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QUANTIFYING URBAN QUALITY: SYDNEY’S CBD
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. 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 resi

THE VISUALISATION PROCESS

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.

GENERATIVE 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 particular elements in
each and traditional architectural methods of collaging multiple
images together creates a final outcome which communicates
the desired qualities of the space.

images that share the same spatial qualities.

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

Do you like this place?
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Human behaviour is inseparable from the environment that
frames it. Micro-spatial conditions such as shade,
enclosure, activation and texture shape how people move,

dwell and feel in urban space.
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Perceptual comfort refers to the immediate, felt
sense of ease, safety, and amenity that people

experience when occupying an urban space. It emerges
from the interaction between environmental conditions

such as shade, microclimate, enclosure, and surface

quality and social cues like activity, visibility, and passive

surveillance.

Its importance lies in the fact that comfort
fundamentally shapes how people use,
inhabit, and value urban places.
Environments that support comfort
encourage dwell time, safety, walkability,
and positive emotional engagement.

PUBLIC PERCEPTION
Reflects the lived experience
of aplace.

By foregrounding perceptual comfort, urban design can
better align measurable spatial attributes with lived
human experience, creating cities that not only function
well but also feel inviting, humane, and adaptive to
diverse cultural and climatic contexts.

PERCEPTUAL COMFORT OF A PLACE
OFTEN RELATES TO ITs COGNITIVE
SATISFACTION, ITS AN INTRICATE

UNDERSTANDING OF HOW YOU FEEL WHERE YOU
ARE AND WHY YOU BEHAVE CERTAIN WAYS.
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e The paradigm of urbanity itself is that environments are constantly =
EXPERT THEORY evolving, shifting and changing in response to climate, cultureand =
Houw cities are thought of emerging technologies. Adaptation of a fixed element in a v

and should function. changing isa principle of
urban design.

EDGES

EDGES are a series of linear elements, imaginary
boundaries, which distinguish between characters of
spaces, between different enviornments or between
large portions of infrastructure.

PATHS are channels through which people can observe
the precinct and place. Paths funnel movement and
create an important hierarchy of streetscapes.

DISTRICTS are aa place of common character. Similar - LANDMARKS are an external reference point to the
land use types, functions, typologies, environments all  oberserver. They are usually set apart from other
produce a specific type of character embedded within  adjacent built form through scale and through function.
the urban fabric.

THE IMAGEABILITY OF A PLACE OFTEN

RELATES TO ITs COGNITIVE CLARITY,
ITS ABILITY TO BE LEGIBLE AND
REMEMBERED.
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CAN GENERATIVE AI RE-IMAGINE

"GOOD" URBAN PLACES?

The presented research examines two empirical
studies.

The first is an interrogation of a context-sensitive
approach to urban quality, attempting to quantify
“good” by statistically linking measurable spatial
characteristics to expert and public evaluations
across contrasting climatic and cultural settings.
The second examines whether AI can structurally
express an operational definition of “good” by
producing imageable urban scenes and adhere to
desirable metric constraints.

Collectively, these experiments establish whether
generative AI can be reconfigured from a purely
representational medium into a co-design
instrument capable of understanding, evaluating

DEFINE QUALITY?
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and quantifying the living quality of cities.

Ambiance

— Beaut — Comfort — Safety = Image Analysis

METRICS TO CONSIDER

SHADE SAFETY
SIGHTLINES

ENCLOSURE EXPOSURE
THERMAL COMFORT COMFORT
SEATING LANDMARK
PLANTING SKY RATIO
AMBIANCE BEAUTY

360° SPATIAL ANALYSIS

The primary focus in this stage of work is
to enable an understanding of the global
surrounding environment. Thus, 4 views
captured from the same point will provide
us with the optimal starting point.
Objective metrics will be registered here,
ranked between O and 1.
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METRIC CONDITIONING TABLE
ATASSESSMENT

LIVE GEOMETRY REFERENCE

The workflow allows the user to iterate through
aninfinite number of geometrical configurations
and generations as it lives live withinthe 3D
model. There is a direct correlation between the
geometrical performance and the imageable and
perceptual comfort results.

METRIC CONDITIONING :

IMAGEABILITY

The viewcapture is first turned into a sketch to
optimize the base. Here we analyse the first set of
metrics to identify the most “imageable” sketches
out of all that were generated. The solutions are
ranked and the most optimal solutions will be
selected to bring into the next rendering step.

PERCEPTUAL COMFORT
The process is repeated for the renderig process.
The previous results will inform a new prompt
adapted to reflect the spatial cahracteristics.
metrics are retained

as low in the prompt, ensuring the AI does not
unintentionally improve qualities that must remain
weak for comparison and deviation analysis.

ROM AI'S PERSPECTIVE

ENCOURAGING You TO DWELL.

STANDING IN THIS SPACE, YOU WOULD FEEL PLEASANTLY SHADED AND

THERMALLY COMFORTABLE DUE TO AMPLE SHADE COVERAGE AND A
WELL-DEFINED, COMFORTABLY ENCLOSED ENVIRONMENT WITH SMOOTH, EVEN
PAVING AND GOOD VISUAL ACCESS. THE MODERATE PEDESTRIAN PRESENCE AND

SECURE ATMOSPHERE CONTRIBUTE TO A SENSE OF SAFETY AND EASE,

METRICS TO CONSIDER
HUMAN SCALE PRESENCE
PAVING COMFORT  ENVIRONMENT
PEDESTRIAN ORIENTATION
FACADEDETAILS  TREE PATTERN
PAVEMENT PATTERN  FACADE CONTINUITY
DOOR/WINDOW MASSING ARTICULATION
FRONTAGE MIX

SENSORIAL ANALYSIS
Within the 360 analysis, metrics that are
based of subjective analysis will be
processed through AL with a specific set
of rules to follow and integrate. The
results will provide a rank (0-1) and a
justification.
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ABU DHABI RECAP

How can we operationalise a context-aware definition of ‘good’ in urban
spaces that aligns public perception with expert theory through the use

of generative Al?
STEP 1, Establishing Indicators

B R R R R R R R —————————

02 What was the

CATEGORY
Imageable and Perceptual Comfort

Sub Indicator #1
Sub Indicator #5

Sub Indicator #2

Sub Indicator #7

method? e 5
The workflow is evaluated on instrument DN

behaviour, computed from geometry within
a 3D model. AI models take care of the
reasoning and defining quality, which are
based on the metrics extrapulated from the

Sub Indicator #1
Sub Indicator #2
Sub Indicator #3
Sub Indicator #4
Sub Indicator #5
Sub Indicator #6
Sub Indicator #7

QoS EVALUATION MATRIX —_— QoS LIT REVIEW INDEX —_—

Use the literature review to create a
framework for assessiing qualiy of space

After reviewing a large number of papers,
take note of what sub-indicators are used

QoS REPRESENTATIVE
INDICATORS

To refine this further, a selection process
will filter the “representative” indicators to

replicate in GH and Rhino 3D

(Q0S). An evaluation matrix will be for measuring QoS and how often they

investigated based on Imageability and are used accross all studies. Select the
3 D m Od el. Perceptual Comfort indicators most relevant above a specific a

mean/average
N

Pros:
- Separation between definition and
evaluation

- Design integrated workflow

- Dual-metric structure for assessment

- Adaptable metrics for different audiences
-Scale-aware set up

Cons:

- Reliance on visual representation

- Doesn’t yet account for meaning/memory/ i |
attachment of place OR benchmarks in
- Context sensitivity currently manual

- Indicative, NOT predictive

- Needs furhter testing (location change,

quality change, reliability)

images.

Figure 6. Deviation analysis comparison between the Abu Dhabi images and the AI-modified

OBJECTIVE

SOCIAL INTIMATE

IMAGEABLE

SPATIAL

INTIMATE

SOCIAL

PERCEPTUAL COMFORT

SPATIAL

SCALE

METRIC

Facade Detail
Pavement Pattern
Seating Presence
Planting Presence
Doors/Window Density
Frontage mix
Consistent tree pattern
Continuity of facades
Ambiance

Landmark Presence
Massing Articulation
Tree Canopy Volume
Sky to pavement ratio
Beauty

Shade at ground
Canopy density
Enclosure

Human Scale

Thermal Comfort
Paving Comfort

Pedestrian presence
Safety

Sightlines

Exposure to elements
Environmental response
Comfort

Orientation

IMAGEABLE RULES

ASSESSMENT METHOD

Al ONLY
Al ONLY
3D ONLY
3D ONLY
Al ONLY
AITAND 3D
Al ONLY
Al ONLY
3D ONLY
3D ONLY
Al ONLY
3D ONLY
3D ONLY
3D ONLY
3D ONLY
3D ONLY
3D ONLY
Al ONLY
3D ONLY
Al ONLY

AIAND 3D
3D ONLY
3D ONLY
3D ONLY
Al ONLY
3D ONLY
AIAND 3D

AT RULE #2 — Pavement Pattern

Score higher when pavement shows clear patterning, textural variation, or

visually rich surfacing.

Score lower when pavement appears monctone,

AI RULE #3 — Doors and Window Density

Score higher when human-scale openings such as doors and windows are fregquent,

well distributed, and active.

Score lower for long blank walls or sparse opehings.

patchy, or poorly defined.

RANK

Al RULE#1
Al RULE#2

Al RULE#3

Al RULE #4
Al RULE#5
Al RULE#6

Al RULE#7

Al RULE#8E

Al RULE#9
AIRULE #10

Al RULE#11

AIRULE #12
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ABU DHABI RECAP

How can we operationalise a context-aware definition of ‘good’ in urban
spaces that aligns public perception with expert theory through the use

of generative Al?

02 What was the
method?

The workflow is evaluated on instrument
behaviour, computed from geometry within
a 3D model. AI models take care of the
reasoning and defining quality, which are
based on the metrics extrapulated from the
3D model.

Pros:

- Separation between definition and
evaluation

- Design integrated workflow

- Dual-metric structure for assessment

- Adaptable metrics for different audiences
-Scale-aware set up

Cons:

- Reliance on visual representation

- Doesn’t yet account for meaning/memory/
attachment of place OR benchmarks

- Context sensitivity currently manual

- Indicative, NOT predictive

- Needs furhter testing (location change,
quality change, reliability)

Masters of Architecture by Research

STEP 2, Data collection and Metric Conditioning

CASE STUDY LOCATION

pilot" test case area to conduct
tent]

ot" area selection criteria is based
well we can stress-test the mode

%
%

%
%

GH SPATIAL LOGIC

GH object detection process tailored to
adopt indicators/metrics from literature

3D MODEL LOCATION ﬁ

Create 3D model of space as accurately as possible
Use collected 360 mesh data to replicate spaces.

~———

——_—_————— e
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SUBJECTIVE

MASSINGTO —>
AI SKETCH

3D VIEW CAPTURE % AI IMAGE SEGMENTATION

Automated Segmentation
to generate tangible image
characteristcs

Image captured in a single
direction in a single location

____________________________________________________

AI RENDERING AND SEGMENTATION PROCESS

March 2026

STEP 3, Prompt Conditioning and Generative Al output

INTERPREATIVE ASSESSMENT
OF “IMAGEABILITY”

RANK FOR
BEST IMAGE

LIST OF
KEYWORDS

___________________________________________

PHYSICAL LINK BETRWEEN
CHARACTERITICS OF IMAGE
AND QUALITATIVE ATTRIBUTES

___________________ GENERATE + PROMPT |

A I
( =+ \ . }
: _% dﬂ: L & Imagine astreet |,
I~ = / w scape with
| OBJECTIVE | [  RANKFOR O 8 facedes
\ METRICS BESTSKETCH ) | S :
<
£

______________ | INTERPREATIVE ASSESSME!

KEY WORDS LIST: -/ «
— | | | " Textured OF “PERCEPTUAL COMFORT
| [ | 3 ~Light-weight ,
| I | (@” I} -Reflective |
o E -Detailed W

____________________

N R
&
‘) 5 _ % 1N$TE
o
@: @ —————————— > %] 232
+ /'\ + +‘ g __%| sociL
- ‘ ! _%| @
1 4 SPATIAL
v
VIEW EXTRACTION H IMAGEABLE DATA EXTRACTION H AI IMAGE RENDERING + AI IMAGE
(PER ELEMENT) SEGMENTATION
—

Extratc 4 views from a single point to
represent the FOV of a 360 image

Repeat previous process again here.
Objective metrics for perceptual comfort
are recorded through into this step as well.

——

INTERPRATIVE GENERATIVE AT MODEL

Use Al to analyse image vability and identify
with perito front method the best outputs
for scene optimization

gToimgV3_loc

Alim
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ABU DHABI RECAP

How can we operationalise a context-aware definition of ‘good’ in urban
spaces that aligns public perception with expert theory through the use
of generative Al?

condition statements, through a
combination of objective and subjective
metrics, to define the quality of a space. -

METRIC SCORE REASONING
L 1 A | o e [CH | {1} [ (1}
| : @ Shade at ground 0 0.1 0 Very little shade; most areas remain exposed
reet : | 1 Canopy density 1|0.8 l Strong tree canopy volume providing substantial cover
stree
pe i e A } : 2 Enclosure 2 0.1 2 Highly cpen/exposed with little sense of boundary
. — | : | RANK FOR BEST IMA( 3 Human Scale 300.63 5 Tall monumental domes and towers dominate while limited entrance detail and long walls
? <A e
S X ,S:g:.:.\‘,:r I | : 4 Thermal Comfort 4 0.5 lazion
' I I ' |
o t IS St u : | I 8 [FovHRe CETHesE 8 Ha8 ith clear joints appears even uncbstructed and comfortable for
L —4— ! & Pedestrian presence & 0.075

. N g e e -

I : i - ¢ Sightlines 80.1

: | IZ : | % Exposure to elements 8 0.5

| k __:._JI | : 10 Environmenta 1 response 10 0.3

e ° * | : | I 11 Comfort 110.1 ) o ) )
+ +@) + < ! \
| | o e—_—— e ], . continucus street trees and planted areas provide abundant shade while open sky suggests
| 12 Orientation 12 0.705
| L | good tilati
| 4 :
i l- t t l- l
| I
Instrument to translate perceptua | |

|
|
|
|
|
|
|
|
|
|
|
|

1 - If objective metrics and Al-assessed
metrics disagree, the system must detect and
reconcile. This mismatch detection becomes
one of the most important “instrument
validity” outcomes.
2 - The quality definition is only meaningful
iIf: claims are tied back to metric values, and
those metric values correspond to visible/
measurable features.
3 - Next steps include:

- accuracy of feature detection,

- coherence of metric-to-claim reasoning,

- repeatability/stability of outputs.

- industry relevance and usefuleness

- visualising results

Are we really making a better place?
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ABU DHABI RECAP

How can we operationalise a context-aware definition of ‘good’ in urban
spaces that aligns public perception with expert theory through the use

of generative Al?
STEP 4, Validate System, Scale and Visualise Solutions

04 What s the final

] ~ :
| i AR < Q (.x.x.x-}/% | O1 02
L4 | | _ % s.oaA-L ________ B - ~—_\ |
conclusion? | b \: meEE o . .
|
N | - N\, 5 ; Is It repeatable? Is it accurate?
. . - | __% | INTIMATE ( | (amn) |
This study demonstrates the feasibility I % idt ) | | G u |
- | 7 —————— . epe . o .
of using generative Al as a descriptive o =l | \: | Test repetitve capabilities  Is the segmentation true
° ° ° | - | | . . . . .
instrument for defining perceptual urban | S ’ | of Al conclusions - is it to its analysis?
. o . : | VALIDATE SYSTEM % APPLY LOGIC TO OTHER SITES % 2D TO 360 IMAGE CONVERSION % WALKABOUT MODE I . l ,?
quality from design representations based ! : viable®
e o ° | l Test the reproducibility of results, Apply logic to other student sites, consider ake all 4 images from the same point and For a series of points, compile 360's into a |
O n VISI b l.e a.n d m eas u rab le att rl b utes. i i \(:;jrﬁfc{ T“t‘:\‘;;}fuq mrrr[‘u;f‘m:HL that can be made and other convert them into a 360 image ;4‘?“‘:?,_‘5\_,1‘(!):?:‘16 to walk through the Al i
| : ogical approach i k |
. L L i
- Al can define perceptual quality in a S )
structured and repeatable manner )
] VISIbl.e Spatlal Teatures Can. be , _ i N OBJECTIVE  SCALE METRIC ASSESSMENT METHOD RANK
translated into qualltatlve descrlptlons | w  Facade Detail AIONLY AlRULE#1
. . . = avement Pattern
- Objective and Al-assessed metrics can E cmgPresens  3DONLY AR
be meaningfully combined " i S
B Reasoning Can be expliCitly traced from : E g Eroonn:?s?:nr:l[:ee pattern i:gr:JE\?D AIRUS;ESULE -
metrics to conclusions - T S e ol facades O iy AIRULERS
- Quality definition can be embedded | i | = ‘ S L pprdmaPresence  IDOMY o
directly within the design workflow T = A
A1 AssessHENT . Beau 3D ONLY
o ° ° i 5} Shad?atgmund 3D ONLY
Limitations: = w  Canopydensy 3D ONLY
. . ' 0 Q =<  Enclosure 3D ONLY
- Prompt is manual, needs segmentation By r . = E  Humanseats AIONLY AIRULE#S
. . . Z = Thermal Comfort 3D ONLY
- Low detail sketch limits accu racy - Py | £S 8 Paving Comfort AIONLY AlRULE#9
. . I+ E E - = edestrian presence
- Worflow is complex and timely . ik | 4 - 5 s D ONLY ARTEERE
-Behaviour is indicative rather than predictive | Rl i COMEDTARL (S e s arccons s . Coretocimerts  SDONLY
ho : B s Y oo ey & 2 Envronmentalresponse
- N Ot tru e 3 6 O’ Cu l-t u ral an d Cl'l m ate n eed S g‘ E SECURE ATMOSPHERE CONTRIBUTE TO A SENSE OF SAFETY AND EASE, lﬁu_ = Enmfnﬂ e SL)DDNI‘:_ITY AT
o ENCOURAGING vou To DWELL. < Orientation AIAND 3D AIRULE #12

to be claibrated.
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