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The Built forms reflect the socio-cultural features of the time the buildings were
constructed. We proposed a deep learning approach that combines graph and image data
and integrates a convolutional neural network algorithm and a graph neural network to
extract latent features underlying spatial forms in socio-cultural aspects. 3916 high-rise
residential building floorplans are collected. To assess residents' living quality in socio-
cultural dimensions, 15 morphological indicators from typological analysis and space
syntax are selected to synthetically evaluate each floorplan. The indicators are employed
to construct a dataset, which is used for a deep learning-based feature extraction. Then
the feature vectors clustered into groups analysis. By observing and comparing the
floorplans in and between clusters, the morphological characteristics are identified. This
study contributes to broadening methodologies in studying architectural morphology as it

demonstrates this artificial intelligence-assisted workflow has a strong power to reveal
latent pattern features underlying architectural floorplans.

Keywords: Architectural Morphology, High-rise Residential Buildings, Machine
Learning, Graph and Image, Feature Extraction.

BACKGROUND

Buildings are considered artefacts that reflect the
socio-cultural features of the time they were
constructed (Steadman, 2008). Architectural
morphology explores how the building forms
evolve. It is believed that morphology could serve
as a dynamic influence on architectural design
and urban planning (Steadman, 2014).
Architectural forms reflect social development in
diverse dimensions such as lifestyle, economy,
and culture in the social context. In the context of
residential buildings design, the spatial form plays
an important element in evaluating the residents’
living quality in the natural and social
environment as it shapes their behaviour and
experience since it determines spatial hierarchy,

living area of space, plan geometry, room
daylighting, room size, etc.

Nowadays, China has the largest number of
high-rise residential buildings in the world. In
recent decades, the rapid urbanization of China
has made the construction of high-rise residential
buildings a viable solution to the housing
shortage in densely populated places. Learned
from Hong Kong, lots of cities in mainland China
have introduced high-rise commodity dwellings
to the real estate market. Scholars are concerned
with residents’ living experiences in these
buildings. Taking Hong Kong as an instance,
many scholars have studied the resident living
quality from the perspective of architectural
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morphology. Kitahara and Shinohara (2014)
identified the features of different types of blocks
and flats using typological methods, which
assessed the spatial living quality of different
high-rise residential buildings. Deng et al. (2016)
examined the historical relationships between
challenges and design progress of Hong Kong
public housing and evaluated their sustainability
trends in design. They are aware that, while the
environmental quality has improved, the space
layout and amount have barely been developed.
On the other hand, as China may gradually
develop into an aging society in the near future,
there is a potential increase of diversification of
family structures. A series of chain reactions
caused by changes in family structure will possibly
make a significant impact on the design of
residential units since residents tend to require
diverse spaces to meet the new demands in living
spaces. Architects are expected to understand the
rules underlying spatial form in high-rise
residential  building design. Morphological
studies on residential buildings may enhance the
identification of spatial characteristics, especially
in socio-cultural aspects, and consequently help
architects capture the cores to improve spatial
quality in residential building design. Previous
studies employing conventional methods for
analysing the morphology of Chinese dwellings,
such as Liu (2018) and Li (2019), are limited by
their dependence on idealized prototypes for
identifying features or by focusing on individual
examples. For the sustainable development of
high-rise residential buildings, it is of importance
to develop a morphological method to study the
spatial characteristics of high-rise residential
buildings.

LITERATURE REVIEW

Although many studies (Osman et al., 2016 and
Sarralde et al., 2014) investigated the living
environmental quality of residential buildings
from the view of architectural and urban forms,
they were focused on physical environment-
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related factors such as thermal comfort and
sunlight. The socio-cultural dimensions in the
room space level regarding residents’ living
quality are rarely concerned. We are interested in
the use of computational approaches to conduct
quantitative analysis, which could incorporate
multiple morphological indicators to
comprehensively investigate the living quality of
residential buildings.

One computational approach is the
composition of geometries to organise
architectural forms, which has its root in

typological analysis. Typological analysis involves
categorizing components of designs that have
shared characteristics according to predefined
criteria (Eilouti, 2009), the use of it to investigate
plan forms could date back to J.N.L Durhand’s
simplified geometric scheme of classical
architecture (Villari, 1987). This approach aims to
identify the characteristics of a certain building
type or common features between different types
based on building forms, which have been
employed with the aid of computational
techniques in studies to explore the
compositional rules underlying English terraced
houses (Brown and Steadman, 1987) and Chinese
dwelling plans (Wang and Li, 2024). On the other
hand, it is noted that typological analysis has its
roots in mathematics, this approach was
associated with the work by Christopher
Alexander (1977), ‘A Pattern Language’, in which
he listed architectural tropes that can be
composed to shape buildings, communities, and
even cities in a hierarchical structural system.
Another approach originated from ‘space
syntax theory’ developed by Hillier and Hanson
(1984), which is rooted in the graph theory from
mathematics. The social relations are represented
based on mathematical calculations using metrics
such as integration and control values to quantify
syntactic analyses (Hillier et al., 1987). Many
scholars successfully applied it to reveal the
social-cultural characteristic relations underlying
traditional Chinese dwelling. For example, Huang



et al. (2019) investigated the spatial structure of
traditional Beijing courtyard housings to explore
the residents’ daily lives, which inspired them to
embed traditional lifestyles into new high-rise
residential building designs. In addition, some
studies  combined space syntax  with
computational techniques for the generative
design of dwellings. Yu and Van Ameijde (2021)
developed a discrete assembling system for the
design of high-rise housings in Hong Kong. To
offer different possibilities for social networking,
they employed a syntactic approach to generate
different configurations of room locations and
connections.

With the rise of artificial intelligence (Al)
techniques in recent years, scholars considered
encoding the morphological information to
create datasets for characteristic analysis using
machine learning. Ferrando et al. (2019)
developed a ‘distant reading’ approach that
encodes the spatial structure of a building to a
graph structure to represent its morphological
attributes. Similar to the graph in space syntax,
rooms of a building are represented by nodes,
and the connections between rooms are
represented by edges. The attributes such as
areas, connections, and isovist areas of each room
of a building are embedded into each node of the
graph. The researchers used many machine
learning algorithms such as nearest neighbours,
random forest, and gradient-boosted trees to
identify ~ these  buildings’  morphological
characteristics. Liu and Wang (2024) developed a
classification method using a machine learning
algorithm to investigate the spatial structural
features of traditional villages in Jinlin Province,
China. They extracted data of indicators from
space syntax to assess the spatial configuration of
villages, which are used for dimension reduction
and clustering analysis.

However, compared with graph and
numerical representations, images are more
acceptable architectural representations.
Architects prefer to think and represent their

ideas and work with the aid of drawings such as
plans, renders, and diagrams. Consequently, lots
of studies employed computer vision techniques
and neural network techniques from Al, which are
naturally advantageous to deal with image data,
to investigate architectural and urban
morphology. A mainstream of the application is
using convolutional neural networks (CNN) to
train a model for style classification. A famous
case is Cai and Li's (2020) work. They trained a
CNN to classify architectural plans into five types
corresponding to Ching's (1979) definition of
architectural plan forms. In this study, the data
used for learning are grey-scale maps with the
same resolutions, which were inputted into a CNN
model- a modified LeNet algorithm. As an end-
to-end process of processing data, CNN methods
have enormous potential in the application of
task-oriented work (Nogueira et al., 2016).

It is noted that the typo-morphology
approach is the basis for studying spatial forms,
whose core are the spatial geometry and
structures. It is important to identify specific
indicator  types when studying specific
morphological features. It is also essential to
employ proper techniques to represent and
examine the indicator data. Compared to
conventional numerical data for quantitative
analysis, images, and graphs are proper data
forms for Al techniques, which are powerful to
investigate architectural morphology.

RESEARCH AIMS AND METHODOLOGY
Machine learning techniques provide a novel
approach to examining architectural morphology,
encoding spatial geometrical and configurational
information into data for quantitative analysis of
images and graphs. This study utilizes techniques
from computer science to create a framework for
analyzing the floorplans of residential buildings in
China, with the objective of identifying
morphological characteristics related to social
and cultural aspects. This project tries to address
two questions to achieve its aim:
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- How to select and collect the proper data of
social indicators relevant to residents living
quality from residential building
morphological information and how to obtain
and process the data to build up a dataset for
feature extraction?

Plan Dataset Construction Morphological Indocator

Structural Features

- How to use proper machine learning
algorithms to develop a model to extract
features from the data and subsequently how
to identify the morphological characteristics?

Feature Extraction Clustering Analysis
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To answer the above research questions, the
research method consists of four stages: 1)
dataset construction; 2) feature extraction; and 3)
clustering analysis and morphological
characteristics identification. Specifically, we
constructed a dataset of floorplans of high-rise
residential buildings in Chengdu, a famous city
with a large population in China. Based on the
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geometrical and configurational analysis, multiple
indicators relevant to residents’ living quality are
considered to build up the dataset. It contains the
data of floorplans in the form of images and
graphs, which are used to extract spatial features
by using neural networks and computer vision
techniques. Then the samples are classified into
types by clustering analysis to identify the

Figure 1. The
workflow of this
study.

Figure 2. Data
forms,
approaches,
methods,
indicators, and
tools for analysing
residents’ living
quality in
residential
buildings.



Figure 3. The
justified graphs
with the syntactic
data of spatial
configuration,
represented by
adjacent matrixes,
with attributes
embedded in
nodes.

morphological characteristics. Figure 1 shows the
workflow of this study.

EXPERIMENT AND RESULTS

Dataset Construction

The dataset construction includes obtaining
dwelling floorplans and social indicators data. We
created a programming tool using Python codes
to download floorplans from an open-source
website- Lianjia.com., the largest real estate
agency in China that includes numerous dwellings
for sale and rent. We downloaded 6179 dwelling
plans which contain 2 to 4 bedrooms constructed
in the last 20 years. After eliminating the duplicate
and pathological samples, 3916 samples are
collected.

The quality of living space can be reflected in
the spatial form. Regarding the social-cultural
aspects, there are many relevant factors that can
be extracted from the spatial geometry and
configuration based on the floorplans (Maslow,
1943, Francaviglia and Rapoport, 1969, and Modi,
2014). From the viewpoint of social sustainability
and user behaviour, Al-Jokhadar and Jabi (2019)
identified 13 social factors to be addressed in
residential building design. They are: population
density and crowding; the hierarchy of spaces; the
relationship between living spaces and social
interaction; human comfort; accessibility; visual
privacy; acoustic privacy; olfactory privacy;

spirituality; security and safety; views of the

outdoors; availability of services; and hygiene.

In our study, we refined the core indicators
from Al-Jokhadar and Jabi's (2019) work and
considered the possibility of representing each of
them in the data form that was identified for
machine learning. As shown in Figure 2, we
selected 6 social factors, which correspond to 15
indicators attributing to the spatial configuration
and geometry to represent the resident living
quality. It is noted these indicators could be
represented as data in image and graph forms,
which requires a syntactic and typological
approach for analysis. We used three tools to
obtain the corresponding data for each sample.

- Agraph software: a ‘node-and-connection
model’ that makes syntactic calculations. It is
employed to produce justified graphs with
the syntactic data of spatial configuration,
which includes the indicators: (a) Connectivity,
(b) Total Depth, (c) Mean Depth, (d)
Integration, and (e) Control. The graph is
represented by an adjacent matrix, in which
the nodes are embedded by attributes of the
6 indicators, as shown in Figure 3.
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- DepthmapX software: a tool for ‘visibility
graph analysis (VGA), which borrows the
theory of Space Syntax to divide spaces on a
plan into small grids to examine the spatial
configuration of the environment regarding
the visual perception of humans. VGA
includes many indicators, and we select five of
them regarding the social factors considered
in this study: (a) Connectivity, creates visibility
connections between all spaces; (b) Visual
Integration, which specifies the degree of
privilege of one point over its immediate
neighbours; (c) Through-Vision, which looks
at how visual fields varies within an
environment; (d) Step Depth, which shows
changes of direction that would take to get
from the selected location to any other
locations. In this study, it is considered from
the entrance of the plan to other locations.
Except for indicators of VGA, we also used
DepthmapX to conduct agent analysis of
movement patterns, the indicator of which is
(@) Gate Count. It indicates patterns of
movement and the frequent use of spaces
released from one point. All these data
generated by DepthmapX are in the form of
images. Examples are shown in Figure 4.

- Manually drawn diagram: for the geometric
analysis, we manually drew the diagram as
shown in Figure 5, which used different
colours of geometries to distinguish (a) the
function of spaces, which also represents (b)
the relative room scale differences between
rooms, and (c) shape of each room. We also
drew (b) doors to represent connections
between rooms and (c) windows to represent
the views of the outdoors in the diagram. The
diagram is represented in the form of images.

Data processing and feature extraction
We used two different algorithms to process
image data and graph data respectively. For the
image data, there are many computer vision
techniques to represent the features of samples,
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including chroma sampling, semantic
segmentation, and feature mapping. Architectural
plans consist of visuals that represent three-
dimensional spatial information through pixels.
The spatial correlation among neighbouring
pixels is an inherent characteristic of spatial
structures. A CNN processes picture pixels using
filter operations, and the data representing image
features are derived from matrix operations,
referred to as feature mapping. The feature map
approach for image-based analysis may extract
latent morphological information from floorplans
in spatial form, rather than through data
presentation of visual information. For the data of
6 images of each floorplan example, we overlaid
them together and converted them to tensors for
computation. These images are unified in
128x128 pixel size in RGB colour mode when they
are loaded into a neural network for processing.
PyTorch is an open-source machine learning
framework based on the Python programming
language. In this study, we used the PyTorch
library to conduct the programming. The
ResNet50, a deep residual learning network
architecture, is employed for feature extraction
because of its excellence in image processing
tasks. The architecture of the network and the
output size of the tensor data of each layer is
shown in Table 1. Since this step aims to extract
feature vectors rather than image recognition, the
output of the network in the antepenultimate, the
average pooling layer, is intercepted and
captured, whose feature vectors are 1x1x2048

Figure 4. The
image represented
the 4 VGA
indicators and the
movement pattern
indicator.

Figure 5. The
colour diagrams
represent rooms
with different
functions.



Table 1. The
architecture model
of ResNet50.

Figure 6. The
graph
convolutional
neural network

Layer name output size network architecture
convl 112x112 Tx7 B4.stride 2
conv2 x 56x56 3x3 max pool. stride 2
1oz 1y 64
3 X 3, 64 | x3
s L S 256
canv3d_x 28x28 1 x 1, 128
3 a3, IZHJ x4
1 1, 512
convd_x 14x14 1 =x 1 256
{3 a3 256 ] X6
1, =% 2, 1024
convb_x X7 T % TE 512
3 8 3, 3
€Lax L 2048
1x1 average pool, 1000-d fc, softmax|

dimensions, to represent the morphological
features of the indicator represented by these
images. To reduce the computation, we adjust the
dimensions of the network, in which the output of
data after the average pooling layer is 1x1x64
dimensions.

For the graph data, a graph convolutional
neural network is architectured. As shown in
Figure 6, the configurational information is in the
form of graphs represented by an adjacent matrix.
The attributes such as Connectivity, Integration,
Total Depth, Mean Depth, and Areas are
embedded in each node, while the edges include
no attributes and are unoriented. The tables
represent the connection of nodes in a binary
format. We borrowed the approach given by Ying
et al. (2018) to architecture this neural network.
Similarly, we adjust the network to make the
outputted data in 1x1x16 dimensions. The 1x1x64
dimensional feature vectors extracted from
images and the 1x1x16 feature vectors from
graphs are integrated as a feature map for
processing.

Dimension reduction and clustering
results

To conduct clustering analysis, it is unnecessary to
directly compute the tensor data as the high-
dimensional matrix may consume much
computing  power.  Dimension  reduction
algorithms could flatten the high-dimension data
to lower dimensions. There are many techniques
to reduce the dimensions of the data, such as
principal component analysis (PCA), T-distributed
stochastic neighbour embedding (t-SNE), and
Auto-encoder. The t-SNE algorithm is a nonlinear
dimensionality reduction algorithm that is able to
map multidimensional data to two or more
dimensions, which is suitable for human
observation. T-SNE is based on the probability
distribution of random walks on the
neighbourhood graph to find the structure within
the dataset. In this study, for visual illustration, we
employed t-SNE to reduce the extracted feature
vectors to two dimensions. Once the dimensions
of the feature vectors are reduced, it is feasible to
classify the data by a clustering algorithm.

Prior to conducting clustering analysis, the
elbow method was employed to determine the
optimal number of clusters. This method utilizes
the evaluation parameter Sum of Squared Errors
(SSE), which quantifies the sum of squares of the
distances from the data points within all clusters
to their respective cluster centers. A smaller SSE
value indicates superior clustering outcomes.
Figure 7 illustrates that the inflection point in the
fold line occurs at an SSE value of 9, indicating
that the samples can be categorized into 9
distinct groups with significant differences among
them.

The K-means is an unsupervised clustering
algorithm with strong interpretability, whose
principles are based on the calculation of
Euclidean geometric distance with samples. The
clustering results as feature plots demonstrate the
clustering distribution. Figure 8 illustrates the
clustering distribution by the K-means with 9
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clusters. The clustering result is reliable as the
clusters have clear boundaries with each other.

Identification of the morphological
characteristics analysis
The feature maps are positioned in the feature
space plot according to their feature distances on
a two-dimensional map, elucidating the
relationships among these samples. The
distribution of residential floorplan samples on
the feature plots in Figure 8 illustrates a trend of
gradual variation among these samples. Figure 9
presents five representative floorplans from each
cluster. Following the clustering of 3916 samples,
distinct morphological features can be observed
for each type. Comparing samples from various
clusters allows for the examination of 15
indicators for each sample, facilitating the
identification of distinct spatial morphological
features associated with living quality. For
instance, the comparison indicates the following
information:

- The samples in cluster O consist exclusively of
two-bedroom floorplans. These designs
feature a direct connection between the living
room and dining room, lacking a buffer
hallway or passageway to the bedrooms,
resulting in a compact layout.

- Both Cluster 1 and Cluster 2 consist of three-
bedroom apartments. The three bedrooms in
the floorplans of Cluster 1 require a
passageway connecting them to the living
room and dining room, creating a transitional
space between private and public areas. As a
result, the living privacy of family members in
Cluster 1 is more pronounced than that in
Cluster 2.

- Cluster 7 comprises three-bedroom
floorplans, while Cluster 8 features four-
bedroom layouts. In both clusters, the
bedrooms are situated at a considerable
distance from the living and dining areas,
resulting in visual obstruction, which increases
the privacy of family members.
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We interviewed nine architects who have
worked in Chengdu with more than five high-rise
residential building projects design experience to
ask their opinions on the classification. None of
them could clearly identify the difference
between clusters. Interestingly, seven of them
agreed with the three points mentioned above,
which implies our method may identify latent
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morphological features. However, the above
identification of spatial characteristics is based on
subjective observation and comparison between
clusters, to which we are alert. It is necessary to
conduct a more transparent statistical analysis on
the classified floorplans to identify the spatial
characteristics between clusters, which is the
subsequent work of this research.

Figure 7. SSE
values correspond
to the number of
different clusters.

Figure 8. The
clustered result
with 9 clusters of
the 3916 dwelling
samples on a two-
dimensional
coordinate feature
map.



Figure 9.5
samples of
floorplans from
each of the 9
clusters.
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DISCUSSION AND CONCLUSION

This study employed typological analysis, space
syntax, computer vision, neural networks, and
machine learning techniques to analyse the
morphological characteristics of residential
building floorplans. Conventional approaches to
studying the morphology of Chinese dwellings
are constrained by reliance on ideal prototypes
for identifying characteristics or by concentrating
on singular precedents. In contrast, machine
learning  methods can  uncover latent
morphological characteristics and differences
across a substantial number of samples. This
study demonstrates the viability of employing
these techniques to investigate architectural
design knowledge. This study examines spatial
form in relation to living quality, incorporating
various social factors, in contrast to numerous
existing Al-assisted architectural style
classification studies. This study offers a novel
framework for classification, elucidating the
impact of social factors on the morphological
characteristics of floorplans, using high-rise
residential buildings in China as a case analysis.
Furthermore, the clustering analysis revealed the
socio-cultural characteristics of living space. This
study enhances the understanding of dwellings
and contributes to the design of new residential
buildings. This Al-driven method extracted
features from the morphological data as vectors
rather than as diagrammatic descriptions.
Consequently, it can be applied directly in various
data-driven analyses and computational design

workflows, which are likely to become prevalent
in the emerging era of data-driven intelligence.

Limitations lie in two aspects. First, the results
are influenced by the robustness of the
computation model and the quality and the
number of the sample. Semantic segmentation
may be more powerful than feature maps to
extract the image information, which s
worthwhile to be employed in further study. The
values of the hyperparameters also influence the
results. The change in the number of clusters or
the replacement of the feature values leads to
different results. The Al algorithms support us in
getting a deeper understanding of the object but
the interpretation of the results is up to us based
on the information and perspectives supplied by
Al as it does not make decisions for us. Second, as
mentioned above, we will attach more attributes
of residential buildings from multiple sources into
their samples to construct the dataset, which will
be used to construct a recommendation system
as a tool to support new residential building
design.
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