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Abstract: This paper addresses methodological issues related to the identification and monitoring of
visitor overcrowding and congestion situations in historic centres. Once the visitor carrying capacity
was estimated for public spaces, taking into consideration the standards of quality and comfort for
visitor experience and those related to the desired conditions for heritage assets” conservation, digital
real-time monitoring tools were implemented in an experimental urban area in Valencia, Spain, in
order to know, through the establishment of proxemic triggers, when the standards were violated
(or may soon be violated); then, the carrying capacity was exceeded, and management actions may
be required. The results show that these digital monitoring tools are very efficient and accurate in
micro-scale public spaces, user-friendly and affordably priced.

Keywords: real-time monitoring; visitor flows; visitor carrying capacity; public space; street; historic
centre; sensors; tourism; threshold; triggers

1. Introduction

The management of public spaces poses a significant challenge for cities, and the
outcomes of such management distinguish one city from another. Traditionally, public
spaces were designed and planned years ago to serve local residents. However, nowadays,
these spaces serve not only a local social function [1] but also as transit routes for commuters
travelling daily for work and as cultural attractions hosting events that draw large crowds,
including tourists and visitors. Consequently, many cities face situations of overcrowding
and congestion that were not anticipated in their original design [2].

A special case is presented by historic cities or neighbourhoods, which are legacies
of urban planning from centuries past, designed with objectives and circumstances vastly
different from today’s. These historic neighbourhoods often serve as major tourist at-
tractions, forming a significant part of the local economy. In particular, historic centres
feature unique urban characteristics that create distinctive urban landscapes or streetscapes,
marked by a high concentration of historical structures and heritage buildings of significant
value [3,4]. These streetscapes are part of a unique public realm which holds the city’s
character and distinctiveness because they can signify the history and the values that a
society has built up over centuries. These features make them different from the rest of
urban spaces and provide identity to cities. However, these urban spaces are currently
under excessive pressure due to the daily influx of visitors and tourists [2]. The comfort
and safety of people, as well as the integrity of heritage elements, are not guaranteed under
these conditions unless public-use management tools are implemented.

A basic tool for determining the use level of a space is the carrying capacity for
visitors/users. The scientific literature has extensively addressed the analysis of the concept
and application of visitor carrying capacity (VCC), which is considered an important
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management tool for heritage sites [5-9]. This tool provides information about the upper
limit of the number of visitors at a given site that allows for the maintenance of the quality
of the tourism experience, avoiding the degradation of sites and the surroundings, thus
ensuring the environmental and social sustainability of the visit activity. This limit acts as
a threshold [10]. It is important to say that determining the maximum number of People
At One Time (PAOT) in the Usable Surface for Visitation (USV) is a key element of the
VCC[11].

It is important to highlight that the initial work on estimating VCC was primarily
associated with protected natural areas in the United States, largely driven by the US
National Park Service since the 1960s. In fact, this tool is recognized by the National Park
and Recreation Act of 1978, which established a statutory requirement in 2014 (54 U.S.C.
§ 100502) [12] that national park general management plans must include “visitor carrying
capacities for all areas” of each park unit. Numerous VCC studies have subsequently been
developed worldwide, addressing both protected areas and a variety of outdoor spaces
such as beaches and natural areas [13-18], as well as indoor spaces like monuments and
museums and their surrounding urban areas [19-23].

In recent years, planning tools have increasingly incorporated digital geospatial tech-
nologies for calculating VCC in open spaces [24-28], with Geographic Information Systems
(GISs) playing a prominent role [29]. These technologies produce highly precise and easily
updatable results, facilitating practical implementation for site management. No early
researcher could have anticipated how vital this tool would become today, especially in
historic cities that are major tourist destinations. The direct repercussions of tourism activity
on public space use levels and tourist attractions often lead to overcrowding and congestion
crises, which can pose safety risks [30,31].

Nevertheless, it is important to emphasize that estimating VCC alone is not sufficient
to ensure effective visitor flow management in public spaces. First, it is important to stablish
comfort and safety thresholds standards for VCC [32] or overcrowding limits [33,34] based
on proxemic distances [35], taking into account the diverse events, social practices and
pedestrian dynamics that occur in urban public spaces [36,37]. It is important to mention
that when establishing standards, the goal is not to find a “magic number or value” but
rather to create a foundation for managing visitor flows [26,28,33,38,39]. Then, it is essential
to understand when, how frequently and why these thresholds are exceeded to manage
situations of overcrowding and congestion effectively. For this, it is important to recognize
the triggers that are enough to prompt a management response to ensure that desired
conditions continue to be maintained before the threshold is crossed [10].

To achieve this, a comprehensive visitor flow management strategy also requires the
robust monitoring of people flows [26,40,41]. Visitor flow monitoring is an integral part
of this framework, as it involves the routine and systematic collection of information or
observations to assess specific resource conditions and visitor experiences [10]; this process
provides critical feedback to managers. Various studies analyse or use different types of
counting methods [42—44], such as manual counts supported by short videos [45], visitor
tracking [39], using the distribution of geotags on social networks [46] and how person
counting cameras work [47] and their influence on pedestrian behaviour [48,49], among
others. However, many of these studies use large-scale data, which typically lack the
spatio-temporal precision required to address streets or micro-scale public spaces, which
are very common in historic centres [50]. Although studies like those by Gao et al. [50]
tackle this problem by using sensors that count how many people connect to open Wi-Fi
networks at a micro-urban scale, there are still challenges in calculating the density of
people, instead of just the number, in precise areas.

The introduction of visitor flow management digital technologies emerges as an
unavoidable solution, not only to regulate overcrowding and congestion states but also
to enhance security, operational efficiency and user experience. Real-time visitor flow
monitoring systems provide valuable insights into overcrowding dynamics, allowing for
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proactive adjustments and facilitating effective people flow management, a continuous
improvement in public space management and a better visitor’s experience.

This research aims to analyse people flow monitoring systems using digital technolo-
gies, particularly image sensors, to verify their utility as tourism management tools from
the perspective of urban studies.

2. Methodology and Process

The research design of this work aligns with the stages suggested by Peffers et al.
(2007) [51] for Design Science Research: identifying the problem and objective, proposing a
solution, applying it through a case study and finally evaluating its suitability.

First of all, a review of the scientific literature on issues related to the management
of visitor carrying capacity and the monitoring of pedestrian flows was conducted. Also,
field-work sessions based on the direct observation of urban spaces to identify critical
points and the analysis of pedestrian flows by GPS tracking techniques were carried out.
Furthermore, we based this work on the results of previous studies carried out by authors
related to visitor carrying capacity both in outdoor and indoor heritage sites as already
mentioned and on related issues such as geospatial tools for urban studies and the physical
and psychological comfort of visitors, especially those based on the use of digital geospatial
tools in public open spaces

The identified problem of this research is related to the generalized overcrowding of
public spaces, in this case, streets in many heritage tourism destinations. Thus, in order to
verify that overcrowding is occurring in a historic public space, it is first of all necessary to
know the visitor carrying capacity of the sites and thus establish their saturation conditions
based on proxemic distances. It should be remembered that this type of study must
be adapted to each site, since the heritage assets, urban spaces characteristics, pedestrian
dynamics and local events are unique to each place. Nevertheless, the applied methodology
can be extrapolated to other places.

Therefore, the objective of this research is to propose a management solution based on
the development of a real-time monitoring system and methodology that allow for an un-
derstanding of the volume and density of visitor flows through image sensors. This system
considers the events occurring in historic public spaces as triggers to determine when the
visitor carrying capacity could potentially be exceeded, enabling public administrations
or stakeholders to take informed management measures that contribute to the preventive
conservation of heritage assets and their surroundings, provide a better experience for
tourists and locals, and promote social sustainability.

The management of the visitor carrying capacity in pedestrian historic centres is closely
linked to the monitoring of the flow of people in these spaces, although it is necessary to
mention that there are spatio-temporal behavioural aspects of people that qualitatively
influence the analysis [50,52]. These aspects are analysed from studies of perception, and
this work does not address this visitor behavioural analysis. Therefore, this study is focused
on pedestrian flow quantitative estimates, volume and density, and a geospatial analysis of
places where the activity takes place.

Calculating the number of people that make up a flow is carried out by counting. There
are different procedures for this, ranging from manual methods to those using sophisticated
sensors as mentioned before. Two-dimensional video-cameras are highly accurate devices
well suited for analysing the number of visits of people in a public space [20,47,53-55] and
have a high reliability of up to 98% of the count [56], with good results, especially at the
micro-urban scale.

Flow density is a measurement of persons per unit land area. It is, therefore, a data
point related to the spatial capacity of a place that provide us information about its level
of saturation. Visitor density also serves as a reliable and objective indicator of perceived
crowding [33,57,58].
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2.1. Study Area

In order to practically use the monitoring system, and following the example of Long
& Zhang (2024) [52], digital technologies were applied as new elements in the streets of the
historic centre of Valencia (Spain). This city is considered as an urban laboratory where
researchers can conduct experiments, thus enabling the analysis of data generated from
digital devices and the facilitation of design and implementation processes. Furthermore,
situations of overcrowding and congestion were beginning to be observed in the historic
centre spaces of Valencia. Therefore, it was pertinent to establish quality standards for
pedestrian flows (residents and visitors) in the urban heritage space for the reasons of
people’s physical and psychological comfort and also for safety reasons. Miguelete Street
was the selected space for monitoring these parameters because of its geographical location,
flanking a cathedral and connecting two socially and touristically significant squares in
Valencia, La Virgen and La Reina (Figure 1). This street is a linear urban space where access
to the cathedral, that is the most important religious building of the city, is compulsory. It
is between 5 and 8 m wide and allowed for a good angle of view for the camera on the
movements of people in the space, making it a noteworthy testing area. This street has high
pedestrian traffic, especially visitors, and holds a scarce presence of static activities in the
public space (such as restaurants or cafes” outdoor dining areas, only some street vendor
stalls) that can obstruct the walkway other than people themselves.

La Virgen
- Square
Spain
Comunitat
Valenciana &
éw
_ 5
Mediterranean Sea & Cathedral of
\QI N
K2 Valencia
0 100 200 km &®
Valencia
' Mediterranean
\%‘Illtaat Sea La Reina
Square
0 2000 4000 m g 30 -

Figure 1. Location map of studied area.

2.2. Pedestrian Behaviour

The pedestrian patterns on this street are similar to those found in other historic centres
in Spain, such as Barcelona [48], where visitor flow peaks during weekends compared to the
rest of the week. Additionally, there is noticeable seasonality typical of tourist attractions,
with visitor numbers increasing during the summer season [59]. Furthermore, distortions
in these patterns can be observed during local events, such as festivals, which result in a
significant rise in pedestrian traffic on those dates [40]. Regarding daily activities on the
street under study, it was observed that the street mainly serves as a transit route between
the two urban plazas it connects. There is also a noticeable presence of tourist groups
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stopping to observe parts of the cathedral, along with individuals sitting to rest, as well as
small groups approaching nearby shops.

2.3. Video-Cameras for Pedestrian Counting Features

For this work, the chosen motion image sensors were 2D video-cameras with person
recognition software that provide accurate data and can track people’s movements in detail,
providing information continuously and remotely. The cameras used were CPF-SENSOR
(model WTK10070) from Witeklab (Barcelona, Spain), whose features and specifications are
shown in Tables 1 and 2.

Table 1. Technical camera’s features.

Features

Wired or wireless networks

Allows connection to network via wired Internet or radio WI-FIL.

Tracking Real-time tracking of people, with high clarity and resolution and filtering people and other objects.
C2K QHD 2560 x 1440 sharp definition image recording.
Night vision High vision capability even at night in full colour.

Motion detection

Calculation system reports movement in vision box, differentiating between different types of
movement of different elements.

Secure storage

Store up to 256 GB of 2 K QHD video locally a microSD card, providing convenient access to
video footage.

Mini PC Central system with detection and calculation process algorithm, with HD graphics card.
Table 2. Technical camera’s specifications.
Specifications
Protection IP68 security camera.
Placement For both indoors and outdoors. Optimum heights between 3 and 10 m

Detection angle

For person counting, an azimuthal angle between 20° and 40° is recommended.

Lens system

1 £:3.18 mm lens.

Image sensor

There is 1 optical sensor per camera: 25.4/3 mm (1/3”) with night vision capability.

Night vision distance

30 m.

Led type 850 nm wavelength IR.

Video Maximum resolution 2160 x 1440 pixels.
Total megapixels 4 MP.

Supported video format H.264.

Frame rate 15 pps.

Radio connection

WI-FI 802.11 b/g Wi-Fi 4 (802.11 n) with speed of 150 Mbp.

Power supply

AC: 100240 Vac, at 50/60 Hz. With DC output voltage of 9 Vdc at 0.6 A.

Environmental conditions

It operates between —20 °C and +45 °C and relative humidity between 10 and 90%.

Knowing the specifications, it is possible to determine the visual field, which is 106°
based on the following formula:

2 x arctan (image sensor/(2 X focal length)), (1)

Regarding the visual field of the cameras, it is important to mention that the sensors
were located on the walls and roofs of the cathedral, which are stable and protected surfaces.
The sensors were placed at a height of 12 m above floor level, with a camera angle of 50°
relative to the floor plane, aligning with the recommended angles suggested by Hung
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et al. [47]. This positioning avoids undesired movements and keeps the sensors out of reach
from vandalism or theft. Considering these parameters, it was possible to cover the width
of the street and obtain a suitable image area of 155 m? for analysis by the software. As it is
a heritage building, a non-invasive support system was designed to avoid making fixings
and perforations on the envelope.

Using the specifications and knowing the location of the camera, it was possible to
recreate the visual field on a point cloud of the street, using the open-source software Cloud
Compare version 2.13 alpha (Figure 2), for posterior processing in GIS software.
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Figure 2. (a) Original camera view with person counting system. (b) Recreation of camera view using

point cloud.

The station or central unit with a PC and a 4 G USB modem with a SIM were also
located in a protected and discreet place, with a permanent 220 V power supply. The
station performed the storage and analysis of images and sent them wirelessly to avoid the
distribution of wiring in the building.

The software of these sensors pays special attention to the privacy of users following
the recommendations of the Regulation (EU) 2016/679 of the European Parliament and
of the Council [60] in relation to the responsibility of data management. Therefore, the
software works in real time, but the data stored and sent to the servers are purely numerical.
This, in turn, avoided saturating the memory of the central unit, allowing for smooth data
collection over long periods of time.

2.4. Pedestrian Counting Procedure

To estimate the number of pedestrians, this work utilized computer vision technology
to analyse and process image signals in real time. A Convolutional Neural Network
(CNN)-based approach [61,62] was chosen due to the challenges of detecting individuals in
crowded scenes, such as heavy occlusions, high person densities and significant variations
in appearance [47,63] (Figure 3). The technique was optimized using high-quality pictures
from an HD colour camera, in combination with a fast computing algorithm for profile
person detection and movement tracking in the street. Providing simple numerical data
simplifies the movement tracking problem into a flow of an array of numerical indexes
representing boxes associated with persons.

The algorithm was developed using Machine Learning (ML) to automatically create
models for detecting movements. By analysing relational data with Graphical Neural
Networks (GNNSs), the algorithm processes complex relationships between objects, suitable
for various applications, including pedestrian traffic analysis. We created an object detector
using a CNN for image classification, incorporating detection as suggested by Girshick
et al. (2014) [61]. This involves creating a “small square” with the positions x and y, high
and wide of the found object (Figure 2a). The problem consists of localizing areas in the
images that, for a neuronal network, are just a matrix of colour pixels, to position various
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objects and classify them in an efficient and fast way. For these purposes, several libraries
from TensorFlow were used in the Python 3.6+ environment.

AEROPLANE? NO

PERSON? YES|

\
{TVMONITOR? NO|

3.COMPUTE CNN 4.CLASSIFY
PROPOSALS (~2k) REGIONS FEATURES REGIONS

Figure 3. Example of Convolutional Neural Network (CNN) structure. Source: Own elaboration
based on Girshick et al. (2014) [61].

2.5. Data Processing

The data collected by the video-cameras were sent to a server in the cloud where
they could be accessed in numerical or graphical form at any time from any device with
an internet connection. After that, these data were processed using Excel spreadsheets
(version v2019). This allowed us to obtain the results of the counts quantitatively and
graphically every 10 s.

The data were grouped by days within the interval of 9:00-19:00, maintaining readings
taken every 10 s. This allowed for the detection of peak moments in the number of people
throughout the day. To facilitate reading the resulting graph, a temporal marker as added
every 30 min, showing the relative occurrences of these peaks. Proxemic threshold values
were introduced as a constant, providing a clear visualization of the saturation threshold at
any given moment.

Although data for the entire year are available, three representative dates were selected
to demonstrate the methodology, based on specific events occurring on these days, which
will be explained in a further section:

e 23 November 2023, as a typical day with a regular weekly event;
e 5 March 2024, during a local holiday season;
e 12 May 2024, coinciding with a specific local festivity.

2.6. Establishment of Target Scene Area by Geo-Processing Tools

The establishment of the Target Scene Area is crucial in the analysis of the pedestrian
flow, because it is the pilot area from which the volume and density of the flux is estimated.
It allows us to determine the effective measurement and classification of crowding states
and to understand overcrowding dynamics (spatio-temporal behaviours of people) in these
areas by interpreting their visit time preferences.

The first step in the process was to determine the Usable Surface for Visitation within
the field of vision of the camera. This was achieved after the viewshed was obtained from
a 3D model derived from a point cloud and a micro-urban-scale DTM of the street. The
digitization process is detailed in previous works [29,64]. The viewshed was calculated
with ArcGIS Pro 3.2.2 (Figure 4) and cross-referenced and refined with frames taken directly
from the camera to validate the results.

The visual area provided by the camera was treated as a fixed image. The polygon
where the count took place was estimated based on the distance a pedestrian can walk
every 10 s at a leisurely pace. The average walking speed of pedestrians was not monitored
in this study; instead, a fixed average speed of 1.3 m/s was established, based on a study
of Gianoulaki (2024) [65]. This allowed us to set a walking distance of 13 m. Considering
the distance travelled by the pedestrian in Miguelete Street, the resulting Target Scene Area
is 78.36 m?.

Additionally, to obtain an effective walking area, the fixed-object effective width and
shy distance of the surrounding walls and obstacles from the total area were subtracted,
following the parameters of the National Academies of Sciences Engineering and Medicine
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of the USA [66]. The final effective Usable Surface for Visitation in the Target Scene Area is
57.60 m?2, where the visitor’s estimations were made, as shown in Figure 5.

Camera wireframe

Visible area

Not visible area

Cathedral of
Valencia

Camera location .
Miguelete
Tower

Figure 4. The calculated viewshed based on the camera on Miguelete Street.

Gothic door
[
- Target Scene Area 78.38 m?

Effective Usable Surface for

Visitation 57.60 m?
0 75 10m 5
L | £
ési
Cathedral of Valencia
Baroque main door

Figure 5. Target Scene Area of Miguelete Street camera.
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2.7. Setting Carrying Capacity Standards

In order to establish carrying capacity standards, thresholds and triggers for transit
comfort and safety values have to be established, as suggested in previous works [32].
The standards were based on the ranges of interpersonal distance recognized in proxemic
studies [35] and in other works related to studies of visitor carrying capacity in urban
spaces [28].

Therefore, proxemic distance standards were established in the Usable Surface for
Visitation. In this way, it was possible to determine the number of People At One Time
(PAOT) the space can accommodate by finding the maximum number of points that can fit
into this area. This optimization problem was solved using geo-tool algorithms on ArcGIS
Pro, applying different proxemic distances for each comfort level (Figure 6). Consequently,
different comfort thresholds were established for this specific area, taking into account the
number of persons registered by the cameras (Table 3). For example, it was considered
that when personal space distances drop below 1.20 m in the Target Scene Area, meaning
more than 36 people are registered by the camera, the area can be considered saturated but
acceptable. However, it should be noted that these spatial needs can vary according to the
psychological and physiological profile of each type of visitor [11].

era location o { | \ ¥ Camera location ) 2 \X
& ° ¢
[ g <
30 *
| LY ,
3 | i LI N R &
, elhy
£ ' b S,
g 0!
* » 1
Proxemic distance
1.2m
‘ Nk : (
era location oo 4 | R .Camera location \ // |
Lf‘: {f’ff}
/‘[ )
B’
Uk g rar i |
K0 A Ay |
ik ’@\ \«’}’l’”
£ >

Proxemic distance
0.45m

Figure 6. Random distribution of people into polygons with proxemic distance in Usable Surface for
Visitation in Miguelete Street.
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Table 3. Thresholds based on proxemic studies.

Distance Classification Based on

Proxemic Distance Radio (m)

People Counted in the Camera

Comfort Level

Hall [35]
Personal close distance 0.45-0.80 216 Critical
Personal not-close distance 0.80-1.20 74 Acceptable
Social close distance 1.20-2.00 36 Very acceptable
Social not-close distance 2.00-3.50 14 Suitable
Public distance >3.50 8 Very suitable

As suggested by the IVUMC [10], it is necessary to identify and establish potential
triggers that could lead to comfort thresholds being exceeded. To achieve this, general data
were analysed and compared with a list of events that occurred in the city of Valencia on
the specified dates (Table 4). The analysis considers the frequency of these events, including
daily, weekly, seasonal and annual occurrences.

Table 4. Studied events that took place in the study area.

Events

Description

Frequency and Duration

Cathedral of Valencia
visiting hours

Visitors can find a variety of historic, religious and
artistic attractions, with the Holy Grail as the main one.

Paid visit hours:
Monday-Saturday from 10:30 to 18:30 and
Sunday from 14:00 to 17:30
(in summer season until 18:30)

Free visit hours:

Monday-Saturday from 7:30 to 10:00 and 18:30 to 20:30
Sunday from 7:30 to 13:30 and 17:30 to 20:30

Tribunal de las Aguas
(Water Tribunal of the plain
of Valencia) (Figure 7a)

A traditional event, designated as an Intangible Cultural
Heritage by UNESCO, that happens on the Gothic door
of the cathedral.

Every Thursday at 12:00
Variable duration

Mascleta

Firework acoustic spectacle designated as an Intangible
Cultural Heritage by UNESCO. Happens on Fallas
holiday season in Valencia on the Plaza del
Ayuntamiento.

From March 1st to 19th (Fallas season) at 14:00
The duration varies from 6 to 8 min

Virgen de los
Desamparados
festivity(Figure 7b)

Various events take place throughout the day, with the
most important being the procession of the Virgin from
the Basilica to the cathedral. The procession enters
through the Baroque door and travels the entire length of
Miguelete Street.

Second Sunday of May.
D’Infantes” Mass: 8:00
Procession: 10:30
Pontifical Mass: 12:00
Fireworks (Mascleta): 14:00

‘\&I ! )

Figure 7. (a) Tribunal de las aguas. (b) Virgen de los Desamparados procession.
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Finally, all this information was synthesized into graphs that provide a comparative
visualization of carrying capacity, events, proxemic thresholds and triggers. The graphs
representing the results for each of the mentioned days include the following information:

e  The lower abscissa shows the time slots every 30 min during which the data collection
took place. Thus, it can be observed that the camera began the data collection at 9:00
and concluded at 19:00.
The ordinate axis shows ranges related to the number of people counted by the cameras.
The horizontal lines indicate various comfort thresholds based on proxemic interpersonal
distances (Table 3), corresponding to the number of people counted. These lines provide
insight into flow density and alert us to potential violations of the established limits.

e  The base coloured band of the graph indicates the range of people where the comfort
level remains acceptable up until it approaches the saturation point.

e  Marks that show the peaks in the number of people indicate the triggers or conditions
of concern that are significant enough to prompt a management response. This ensures
that the desired conditions are maintained before the threshold is crossed [10].

3. Results and Performance Evaluation

The results presented in this work serve as examples of the functioning of the real-
time monitoring visitor flow system implemented on Miguelete Street in Valencia. Below,
the graphs explained before are presented to illustrate different states of visitor numbers.
By establishing the Target Scene Area and proxemic distance standards, it is possible to
determine the number of people that the Usable Surface for Visitation can accommodate by
calculating the maximum points that can fit within an irregular polygon.

3.1. Real-Time Monitored Persons in the Usable Surface for Visitation of the Target Scene Area on
23 November 2023

Data were collected for each day with respective thresholds and triggers. On 23
November 2023 (Figure 8), the total number of pedestrians was 38,436. Two triggers related
to events were identified. The first occurred at 12:21:21 with 56 people, surpassing one of
the proposed thresholds continuously. This time coincides with the end of the Tribunal de
las Aguas (Water Tribunal of the plain of Valencia) event. The second trigger occurred at
6:04:00 p.m., with 49 people, once again surpassing a threshold. This is associated with the
start of free visits to the Valencia Cathedral, which begins at 18:30.

Thursday 23rd November 2023

Thresholds
0.45
__________________________________________________________________________________________ 0.80
__________________________________ SN © S

|

Tribunal de las Aguas I

o o o o o o o o o o o o o o o o o o

» S I} S I} S 5] S 5] S ) S @ S %] S 5] S

S - - A« V] ] o) < < [t} o © © ~ ~ 9] © >

— — — — — — -~ - - — — - - — — - — -

10:00

Time slot

Figure 8. Visitor flow curve on 23 November 2023. The yellow line represents pedestrian counts,
while the blue circles indicate peak moments that could prompt a management response.



Urban Sci. 2024, 8, 190

12 0of 17

no. of pedestrians

225
200
175
150
125
100
75
50
25

Valencia Cathedral

10:00

10:30

3.2. Real-Time Monitored Persons in the Usable Surface for Recreation of the Target Scene Area on
5 March 2024

Figure 9 shows a graph of the pedestrian count for 5 March 2024. On this day,
54,696 persons were recorded. A trigger occurred at 14:13:59 with 60 pedestrians, sur-
passing one of the established thresholds. This trigger coincides with the end of the Fallas’
fireworks (Mascleta) at a place close to Miguelete Street. Notably, there is a significant
drop in pedestrian density in the minutes before and after 14:00, almost to a complete halt,
followed by a rapid recovery of the flow after the event concludes because Miguelete Street
is a key transit street. The next trigger was produced at 17:52:50 and is again linked to the
end of the guided tours and the beginning of free visits to the Valencia Cathedral at 18:30.

Tuesday 5th March 2024
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Figure 9. Visitor flow curve on 5 March 2023. The purple line represents pedestrian counts, while the
blue circles indicate peak moments that could prompt a management response.

3.3. Real-Time Monitored Persons in the Usable Surface for Visitation of the Target Scene Area on
12 May 2024

The results for 12 May 2024 (Figure 10) were taken on the day of the local religious
festivities of Virgen de los Desamparados, which was also monitored simultaneously in the
field. The total number of people for this day was 147,058. The graph shows that from the
beginning of the monitoring period, the comfort level exceeded the desirable value. The
monitoring started at 9:00:00:28 with a count of 67 pedestrians, following the conclusion
of the D’Infants” Mass, which began at 8:00. The first trigger was detected at 9:46:28 with
140 pedestrians, maintaining a very high flow level until 10:00, when the procession of the
Virgen, starting from the Basilica de los Desamparados on the Plaza de la Virgen, began.
The second trigger occurred at 10:52:53 with 157 people, exactly when the Virgen passed
through the studied Usable Surface for Visitation. After this moment, there was a marked
decrease until 12:00, the start time of the Pontifical Mass held inside the Cathedral of
Valencia. The third trigger, at 13:01:21, with 111 pedestrians, coincides with the end of
the Pontifical Mass inside the cathedral. The last trigger, at 14:20:44, with 86 pedestrians,
coincides again with the end of the onsite fireworks (Mascleta) in honour of Virgen de los
Desamparados. There was a significant drop in pedestrian density minutes after and before
this. The graph shows a steep upward slope, indicating a rapid recovery flow.
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Figure 10. Visitor flow curve on 12 May 2024. The pink line represents pedestrian counts, while the
blue circles indicate peak moments that could prompt a management response.
3.4. Comparative Contextual Evaluation of Three Visitation Events
Finally, Figure 11 shows a comparison between the three days with different character-
istics. It is evident that the events on May 12th significantly differ from the others in terms
of the level of discomfort experienced by people.
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Figure 11. Comparative visitor flow curves on the studied dates.

It is particularly interesting within the framework of visitor carrying capacity studies
to observe that establishing thresholds associated with proxemic standards and identifying
triggers are key elements in defining the different types of visitor flows that will occur in
a given location. These factors set a trend in the analysis, which is crucial for designing
preventive actions and early warnings of saturation and congestion later. However, it is
important to remember, as previously mentioned, that while proxemic thresholds tend to
be quite similar across various locations and cultures, triggers are unique to each specific
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place. Therefore, it is essential to thoroughly analyse the local urban cultural agenda and
understand the regular events that impact the analysed public space, as these will serve as
the reference points for establishing a particular type of flow.

4. Conclusions

The initial goal of this methodological work, which was to identify a solution for mon-
itoring visitor carrying capacity using digital technologies, was successfully achieved. A
real-time monitoring system was developed, tested and evaluated to determine its technical
feasibility as a tool that contributes to the preventive conservation of heritage assets and
their surroundings, enhances the tourist experience and promotes social sustainability. Its
potential as a predictive tool was also demonstrated, enabling public administrations and
heritage managers to take and implement informed management measures in advance.

It is important to note that during the experimentation process, numerous factors
specific to the local heritage environment had to be considered. As mentioned earlier, each
site has unique characteristics that influence the development of this work; however, the
method was proven to be adaptable and applicable to other contexts.

In terms of digital technologies, it is important to highlight that the use of monitoring
systems with image sensors, as proposed in this study, proves to be both highly suitable
and innovative for micro-scale public spaces within historic districts. The technological
equipment used was technically and economically feasible, as there are devices available
on the market that, when properly programmed, can be employed for this purpose without
significant difficulties and at a reasonable cost. Additionally, person recognition and
counting software was applied, achieving high accuracy and delivering optimal results. The
combined use of 3D urban models and GISs was proven to be a key geospatial tool, essential
for integrating all the technological developments involved in a real-time monitoring
system for a dynamic public space which requires constant updates.

Even if counting methods using new technologies, geo-tools and tourism management
techniques have been used to measure visitor and pedestrian dynamics, the combination of
these approaches presents a more comprehensive and innovative solution for the real-time
monitoring and management of public spaces, especially in complex and sensitive urban
environments like historic centres.

The use of visitor capacity standards and data analysis through the establishment of
thresholds and triggers was proven to be highly effective in understanding visitor flows.
This approach will likely be one of the most original and significant contributions of this
work, as these factors have a predictive nature that is crucial for public administrations and
heritage managers to proactively address situations of overcrowding and congestion. It is
important to note that the thresholds and triggers identified in this study are specific to the
local context; in other locations, these factors will differ according to each area’s unique
characteristics. Additionally, it is essential to acknowledge that not all visitation patterns
can be anticipated, as human behaviour is often unpredictable. However, certain situations
occur regularly and therefore hold predictive value.

Similarly, other limitations appear, such as identifying events that may act as triggers.
While it is possible to recognize official events like local traditional festivals, there is a wide
range of informal or spontaneous events, such as those created by street performers or
protests, which are not comprehensively tracked. Another limitation is the use of global
proxemic distances, which may not fully account for the heterogeneity of pedestrians; in
other contexts, these measures might vary according to cultural environments, as other
authors suggest [35]. On a technical level, a further challenge involves managing the data
collected by cameras, requiring database systems capable of handling large volumes of
information; data loss can also occur due to issues such as signal disruptions, power failures
or data transmission errors.

Regarding the experimental development of the system carried out in Valencia’s his-
toric centre, it is important to highlight that, once the visitor carrying capacity of Miguelete
Street was established, the real-time visitor monitoring system was tested and evaluated
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by analysing various key visitor flow situations to assess the system’s behaviour and the
results it provided. The data collected reflect highly accurate situations, corroborated
by direct observation. However, this study provided precise quantitative data that had
never before been available in the city of Valencia. These data made it possible to identify
when (events, situations, etc.), for how long and with what intensity the established visitor
carrying capacity for this key transit street was exceeded.

Expanding the collection of annual data series and developing digital models for a
larger urban area will allow for a deeper understanding of visitor flow patterns across a
broader section of Valencia’s historic centre. Moreover, this methodology can be extrap-
olated to other historic centres for validation, extending beyond streets to include other
public spaces such as plazas, parks or even indoor areas with high visitor traffic. Addi-
tionally, the gathered data could be integrated into existing city and heritage management
databases, enabling comparisons across different layers of the urban fabric. Comparative
studies between our methodology and those proposed by other researchers could also be
conducted. Ultimately, this research has the potential to enable true Smart Public Space
Management, addressing not only tourism but also broader urban dynamics.
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