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Abstract. In order to plan effective strategies for the sustainable
development of individual communities, as prescribed by the United
Nations’ Sustainable Development Goal 11, it is necessary for
designers and policy makers to gain a deep awareness of the bond that
connects people to their territory. AI-driven technologies, and
specifically Object Recognition algorithms, are powerful tools that can
be used to this end, as they make it possible to analyse huge amounts of
pictures shared on social media by residents and visitors of a specific
area. A model of the emotional, subjective point of view of the members
of the community is thus generated, giving new insights that can
support traditional techniques such as surveys and interviews. For the
purposes of this research, three case studies have been considered: the
neighbourhood around Siping Road in Shanghai, China; the village of
Moscopole in southeastern Albania; the rural area of Oltrepò Pavese in
northern Italy. The results demonstrate that a conscious use of AIdriven technologies does not necessarily imply homogenisation and
flattening of individual differences: on the contrary, in all three cases
diversities tend to emerge, making it possible to recognise and enhance
the individuality of each community and the genius loci of each place.
Keywords. Sustainable Communities; Artificial Intelligence; Object
Recognition; Social Media; SDG 11.

1. Introduction
According to the United Nations, “sustainable cities and communities” are a crucial
goal to achieve before the year 2030, as prescribed by Sustainable Development Goal
11 (SDG 11). Specifically, some of the targets outlined in this goal are: to “enhance
inclusive and sustainable urbanisation and capacity for participatory, integrated and
sustainable human settlement planning and management”, to “strengthen efforts to
protect and safeguard the world’s cultural and natural heritage”, and to “support
positive economic, social and environmental links between urban, peri-urban and rural
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areas by strengthening national and regional development planning” (United Nations
General Assembly, 2015, pp. 21-22).
In order to achieve such targets, designers and policy makers need operative tools
to analyse the necessities of local communities and the unique relationship that they
entertain with the place they inhabit. This research argues that AI-driven technologies,
and specifically Object Recognition algorithms, can be effectively used for this
purpose.
In recent years, researchers have applied this kind of algorithms to the analysis of
cities and neighbourhoods, focusing on parameters related to inequality, safety and
liveliness (see for example Salesses et al., 2013, and De Nadai et al., 2016). In these
studies, the image dataset was composed of geo-tagged pictures taken from Google
Street View or collected manually by the authors. A study by MIT researchers,
however, points out that this choice presents some limitations, as “a lot of content
related to city perceptions, such as mountains and crowded indoor scenes are missing”,
and proposes instead to use images taken from photo-sharing platforms such as Flickr
and Panoramio (Zhou et al., 2014, p. 522). Through this different strategy, the
researchers try to define the identity of cities, and analyse millions of geo-tagged
images according to seven pre-determined attributes: green space, water coverage,
transportation, architecture, vertical building, athletic activity, and social activity (pp.
524-525).
Rather than the identity of a city, the present research aims at defining what Kevin
Lynch called the image of the city (Lynch, 1960), that is how the community lives and
perceives the place. The purpose here is to understand the relationship that a
community entertains with a place through the lens of the emotional, subjective point
of view of its members. In order to do so, this study proposes a new approach, based
on:
● A multi-scale strategy through which it is possible to consider a specific
neighbourhood, a city or even an entire region, based on the local context, the
features of the community and the purpose of the analysis;
● A dataset composed of geo-tagged images taken from a popular social network such
as Instagram, as it reflects everyday life and subjective perceptions more accurately
than Google Street View or photo-sharing platforms;
● Flexibility and absence of pre-determined attributes, as the purpose in this case is
not to compare different places according to fixed parameters, but to allow their
specificity and uniqueness to emerge;
● Versatility, as the approach can be successfully applied to places in different parts
of the world, with different cultures, demographics and economies (this is
demonstrated by the diversity of the proposed case studies).

2. Method
The method followed for this research is composed of five main steps. The first one
consists in defining the object of the analysis. As mentioned above, this study follows
a multi-scale strategy, so it is possible to select, for example, a specific neighbourhood,
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a village, a city or even a larger territory. Another possibility is to work on two different
scales at the same time, as experimented in the third case study. What is important in
this phase is to define an area that is meaningfully associated with one or more
communities of people.
The second step is to define the dataset. All the pictures of this research have been
taken from Instagram, as it is a popular image-based social media. The images have
been collected through a python script, based on their geo-tag and hashtags. The
number of pictures collected for each case study depends on the local context and the
scale of the considered area: for the first two case studies (a neighbourhood and a
village), 500 images have been selected, while for the third one (a larger-scale territory)
the number increased to 1,200. The date range is the same for all the case studies, as in
this research have only been used pictures shared on Instagram during the year 2021.
The third step is to apply to the dataset an Object Recognition algorithm that
includes the following tools: the SIFT (Scale-Invariant Feature Transform) system and
the Lowe method (Lowe, 1999), the R-CNN method (Girshick et al., 2014), the Spatial
Pyramid Planning strategy (He et al., 2014), and the SSD model (Liu et al., 2016). For
this study, the algorithm has been pre-trained with millions of images and has learnt to
recognise around 10,000 different objects (“picturable nouns”). It has also been
programmed to select, for each picture, only the five most prominent objects, so as to
avoid giving irrelevant or redundant information as output. As the research progressed,
the algorithm has been trained to recognise new objects that were peculiar to the
analysed areas, thus enabling it to better highlight the uniqueness of each place. This
process gives as a result a graph that shows the frequency with which different objects
appear in the image dataset (the graphs in this paper include only a selection of objects,
but the algorithm actually recognised many more).
For the fourth step, it is necessary to select a limited number of significant objects:
in this research, the focus has been put on five of the objects that appeared more
frequently in each case study. Then, the positions of all the pictures in which these
significant objects appear are located on a map. This is done through the geo-tags and
metadata of the pictures or, when the geo-tag is generic, through a software that defines
the position of the image relative to a set of known points (e.g. famous buildings,
monuments, infrastructures).
Finally, the results are discussed in order to understand how the output data (graphs
and maps) can be used as a basis for drafting strategies for the sustainable development
of the local communities.
2.1. LIMITATIONS
The effectiveness of strategies based on AI-driven technologies always depends on the
quality of input data. As the method proposed in this study takes its dataset from social
media, it is important to be aware that these platforms are used by certain demographic
groups more than others.
In fact, a research carried out in 2021 by Auxier and Anderson shows that most
Instagram users in the United States of America are young, have studied in college and
live in urban areas, while categories such as elderly people and residents in rural areas
are much less present on the platform.
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For this reason, it is important to stress that the method proposed in this research is
not intended to be used alone, but rather as part of a wider strategy that also involves
other tools and techniques. In fact, it is only by using an adequate array of methods that
it is possible to carry out an analysis that reflects the feelings and perceptions of the
whole community.
3. The Neighbourhood of Siping Road, Shanghai, China
The first case study that will be discussed is the analysis of the neighbourhood around
Siping Road, in the Yangpu district of Shanghai, China. The area is part of one of the
most populous cities in the world, with more than 24 million inhabitants. Specifically,
the segment of Siping Road on which the analysis has focused is the one close to Tongji
University’s main campus. A dataset of 500 pictures has been collected from Instagram
pictures with geo-tags located in the area and hashtags related to the neighbourhood.
3.1. OUTPUT
The output of the Object Recognition algorithm (fig. 1) shows that many of the
elements that appear in the pictures are connected to the presence of the university:
“graduation” (42 appearances), “student” (32), “graduation photo” (30), “ceremony”
(12), and “lecture” (10). The other themes that emerge from the analysis are related to
social activities (“indoor”, 36 appearances; “food”, 27; “get-together”, 15; “night”, 12),
natural elements (“tree”, 33), urban landscape (“architecture”, 24; “building”, 12) and
art (“art installation”, 10).
Then, the distribution of five elements has been located on a map (fig. 2): “food”,
“student”, “tree”, “graduation” (also including “graduation photo”), and “indoor”. The
result is a map that shows the areas usually frequented by students, and the places that
they consider important enough to have their graduation photos taken there, but also
the location of popular bars and restaurants, of the most frequented public buildings
(e.g. the university library), and the spots where trees are found.

Figure 1. Output of the Object Recognition algorithm, Siping Road.
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Figure 2. Distribution of five frequent elements in the neighbourhood of Siping Road.

3.2. CONSIDERATIONS
The experiment shows the potential of the Siping Road neighbourhood, especially
from the point of view of its student community. Its output describes what kind of
social activities are practised in the area and where exactly they are practised. Based on
the results, it is possible to imagine strategies for establishing beneficial relationships
between students, residents and business owners, and for improving the public spaces
of the neighbourhood: on one hand, by enhancing the most frequented areas, adapting
them to the activities that they already host; and on the other hand by regenerating less
frequented areas, reproducing in them the traits of more successful parts of the same
neighbourhood.
4. The Village of Moscopole, Albania
The second case study focuses on Moscopole, a village of little more than 1,000
inhabitants in Korçë County, in southeastern Albania. Despite its small population,
however, Moscopole is slowly gaining popularity as a tourist destination, thanks to its
mountain landscape and its cultural heritage. The dataset is once again made of 500
Instagram pictures with geo-tags located in the village and its immediate surroundings,
and hashtags related to the area.
4.1. OUTPUT
In this case, in the output data (fig. 3) it is possible to clearly recognise two main
themes: on one hand nature and landscape, and on the other architecture and history.
The former includes “outdoor” (43 appearances), “nature” (37), “forest” (20), “hills”
(18), “mountain” (14), “snow” (14), “treehouse” (12), “wild” (11), and “quad” (11).
The latter, instead, is related to “mediaeval” (47), “church” (24), “city” (13), and
“house” (13).
These two themes also define the map (fig. 4) that shows the position of the
following five elements: “forest”, “nature”, “outdoor”, “mediaeval” and “church”. The
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map clearly suggests what are the most frequented naturalistic paths and cultural
heritage in Moscopole. It also demonstrates that people in the village tend to spend time
and perform activities outdoors.

Figure 3. Output of the Object Recognition algorithm, Moscopole.

Figure 4. Distribution of five frequent elements in the village of Moscopole.

4.2. CONSIDERATIONS
In this case, the experiment provides a good basis for implementing strategies for
sustainable tourism. On one hand, it highlights the potential for naturalistic excursions
and sports, also showing existing trails that could be enhanced and promoted. On the
other hand, it suggests that Moscopole could also attract tourists interested in its history
and architecture, and this could be achieved, for example, by renovating outdoor public
spaces, enhancing tourist facilities and preserving its cultural heritage, especially its
ancient churches. As these two aspects are interrelated, improvements in any of them
would end up being beneficial for the whole tourism sector of Moscopole.
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5. The Territory of Oltrepò Pavese, Italy
Finally, the last case study takes into consideration a large rural territory, made up of
four municipalities (Corvino San Quirico, Mornico Losana, Oliva Gessi and Torricella
Verzate) in an area known as Oltrepò Pavese, in the province of Pavia, in northern Italy.
The area is known for its wines and castles, and it is home to around 2,600 people. In
this case, the analysis has been carried out at two different scales: that of the whole
territory and that of each specific municipality. For this reason, the dataset is larger, as
it includes 300 Instagram pictures for each municipality, for a total of 1,200 images,
always based on geo-tags and hashtags related to the area.
5.1. OUTPUT
Compared with the previous case studies, the output data for the Oltrepò territory
present a greater variety (fig. 5). In fact, the list of objects that appear in the pictures
include elements related to many different semantic fields: nature (“landscape”, 118
appearances; “flowers”, 11, “apiary”, 11), wine (“wine”, 68; “Defilippi winery”, 53;
“Monsupello winery”, 33; “Cavallini winery”, 11; “Tenuta di Oliva winery”, 11),
historical heritage (“castle”, 61; “church”, 23), sports (“sport”, 42; bike, 27;
“swimming pool”, 22; “walk”, 12; “motocross”, 10), weddings (“bride and groom”,
28; “wedding”, 27), social activities (“hamburger”, 13; “show”, 12).

Figure 5. Output of the Object Recognition algorithm, Oltrepò Pavese.

The map with the positions of the most frequent elements (fig. 6) clearly shows
how some of them are distributed quite homogeneously on the whole area (“landscape”
and “sport”), while other ones are found only in some places (“wine”, that also includes
all the different wineries), and still others are specific to certain locations (“castle” and
“church”).
For this reason, in this case it is useful to zoom in and consider the territory at a
different scale (fig. 7). In other words, after a first general analysis that highlights the
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main vocations of the area, a second step is needed to better identify the unique features
of each location. By analysing the data of each of the four municipalities, what emerges
is that Mornico Losana is a coveted destination for weddings, but it also hosts a
historical castle and a popular swimming pool; Corvino San Quirico and Oliva Gessi
are frequented mostly because of their landscape and wine, but also for their apiaries;
and Torricella Verzate has a popular winery and a historical church, but also good
restaurants and places to practice motocross.

Figure 6. Distribution of five frequent elements in the territory of Oltrepò Pavese.

Figure 7. Output of the Object Recognition algorithm: Torricella Verzate, Mornico Losana, Corvino
San Quirico, and Oliva Gessi.
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5.2. CONSIDERATIONS
As the analysis for this case study has been carried out at two different scales, it is
possible to outline two sets of strategies. On one hand, the experiment suggests general
strategies for the whole territory: enhancing viticulture, food and wine tourism and
naturalistic trails. On the other hand, it highlights the need for specific strategies to
implement in selected locations: preserving and promoting the cultural heritage (the
castle of Mornico Losana and the church of Torricella Verzate), encouraging certain
sports (swimming in Mornico Losana and motocross in Torricella Verzate) and
enhancing beekeeping in Oliva Gessi.
6. Conclusions
This research proposes a method for understanding the subjective relationship between
a community and its territory. Three different case studies have been analysed,
demonstrating how Object Recognition algorithms can be used to recognise diversity,
enhancing the individuality of each community and the genius loci of each place (fig.
8).
Despite its limitations, the proposed method can offer a good understanding of the
potential of an individual community and the opportunities offered by its territory. It
can thus contribute to creating a basis for drafting effective strategies for the sustainable
development of the community, in harmony with its feelings and sensitivity: for
example, it suggests to enhance the public spaces for the students of Siping Road, to
develop sustainable tourism in Moscopole, and to promote viticulture, apiculture,
sustainable tourism and the preservation of natural and cultural heritage in Oltrepò
Pavese.
This study demonstrates the great potential of Object Recognition algorithms and
how they can be used for the purpose of achieving the UN’s SDG 11. In particular,
they can play a key role in improving indicator 11.a.1, giving local administrators the
tools to draft “development plans that (a) respond to population dynamics; (b) ensure
balanced territorial development” (United Nations, n.d.). Furthermore, they can
indirectly contribute to enhancing the participation of citizens to the planning process
(indicator 11.3.2) and to improving the efficiency of public funding for the preservation
of natural and cultural heritage (indicator 11.4.1).
Further research will probably expand even more this potential: some possibilities
include combining data from different sources (other social media, but also review
platforms such as TripAdvisor), combining different datasets (not only images, but also
text or music), integrating algorithms for sentiment analysis, or working at greater
scales (metropolitan areas, provinces or regions).
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Figure 8. The use of Object Recognition algorithms recognises diversity: the graph shows the main
semantic fields associated with each case study.
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