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ABSTRACT

The dynamics of any space are derived from the movement within it.
Understanding the patterns of movement in an environment plays a key
role in comprehending its function. This research examines the patterns
and speed of pedestrian movement of pilgrims in sacred places with a
pilgrimage function. Congestion, the attraction of the shrine, spatial
limitations, simple geometry with sharp angles, and the impact of
pilgrimage rituals and customs are among the prominent characteristics
of these places. The study area of this research is the men’s section of
the Imam Reza shrine. The data on the pilgrims” movement in this study
have been prepared by capturing the position of each pilgrim from the
cameras installed in the shrine and applying the necessary geometric
transformations. The average speed of movement has been recorded and
calculated based on the time it takes for each pilgrim to move between
positions. To examine the existing movement patterns in the data,
cluster analysis of points with high and low movement speeds, known
as hot spot analysis, has been used. The findings indicate a continuous
corridor of movement with variable speed from the entrance to the exit
door. In addition, customary pilgrimage rituals and recently popular
behaviors, such as stopping to take photos, are observable in the
resulting patterns. The spatial density statistics for the extracted clusters
have been calculated. These statistics indicate the duration of surface
area occupation, which allows for the examination of the extent of
movement stoppage in the space. Accordingly, the highest temporal
density is related to the corner of the shrine opposite the shrine, at the
exit, adjacent to the shrine, and then at the entrance, respectively.
Overall results show that the movement of pilgrims in the Imam Reza
shrine follows a pattern of average speed, which is based on the manner
of pilgrims approaching the shrine, gathering around the shrine, and
moving to exit from the shrine.
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Extended Abstract
Introduction

Space is the objectivity resulting from the Role-playing and influence of individuals, and human
groups in the place (Sadough and Saeidi, 2006)."Movement” and "displacement™ of tourists as
one of the pillars of the tourism system have an undeniable role in the development of this
industry. Tourism occurs in places and involves movement and activity between places; it is
also an activity in which both the characteristics of the place and the personal identity are
formed through the relationships that arise between places, landscapes, and people (Movahed,
2023). Tourism is a geographical phenomenon, and as other phenomena are changing or are
causes of spatial changes, tourism also plays a role in spatial changes. Geographic space is a
reflection of man's basic knowledge of the world, his experiences of life, and his willful
attachments to his environment (Movahed, 1402). Tourism attractions are important spatial
features of the tourism system that support the development of tourism at different levels as they
are the main elements of tourism products (Ellerbrock & Hite, 1980; Radisic & Basan, 2007;
Yang & Fik, 2014:145, Rosentraub & Joo, 2009). The choice of the path and flow of movement
and the behaviors of tourists depends on a) the people's interest b) the space and time distance,
and c) the elements of the environment. From the viewpoint of sociology, religions consist of
two basic and important elements: 1) a system of beliefs and 2) Ceremonies, rituals and
etiquette. The religion of Islam also has rituals that have a collective nature such as hajj,
congregational prayer, and pilgrimage mentioned in religious texts (Behravan Y+ + V). Pilgrimage
in the religious sense is a departure (apparent or inward) to religious places that are performed
by followers of a religion to establish a religious ceremony or ritual. Pilgrimage rituals are often
performed especially in the courtyard of the shrine of religious places by walking the pilgrims.

This study investigated the patterns of walking speed of pilgrims in the men's section of the
shrine of Razavi. Afterward, the concepts and related research have been reviewed and the
characteristics of the Holy Shrine of Razavi have been described. Then, the research method is
presented which is based on statistical analysis of hot spots of the speed of the pilgrims in a
specified period in the shrine of Razavi. The results and discussions are presented in the last
section.

Methodology

The research method is based on using the exploratory descriptive type and practical. Initially,
the required data is obtained by digitizing the movement paths of pilgrims from images captured
by cameras installed at the shrine. Consequently, the path of each pilgrim is determined by
clicking on the location point in the image. Each point on the path includes horizontal and
vertical image coordinates, relative to the upper-left corner of the image, and the time of
capture. To comply with the t-student distribution, in this study, a minimum of 30 random
pilgrim movement paths are sampled. Additionally, data collection occurs for a time interval
with average pilgrim density. The collected data from pilgrim movement paths, which are in the
camera coordinate system, need to be transformed into the two-dimensional coordinate system
of the shrine map. For this purpose, a relationship between control points taken from the shrine
map and their corresponding points on the camera images is determined, and a projective
geometric transformation.

Given the known positions and timestamps of each sampled point in the pilgrim’s movement,
the average speed between two consecutive points is calculated for each pilgrim. To achieve
this, the distance traveled between two successive points along the movement path is divided by
the time taken to cover that distance.
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Next, spatial patterns present in the data are analyzed using cluster analysis of points with high
and low movement speeds, referred to as hotspots analysis. A distinguishing feature of this
analysis, compared to similar approaches like density map analysis and hotspot analysis, is the
statistical significance testing of results. This reduces the dependence of results on data
distribution and provides more discernible clusters. Additionally, the average temporal density
of space is calculated for the extracted clusters. This statistic represents the unit surface’s
occupation time, enabling an assessment of movement stoppage in the space. In the final stage,
the results obtained from spatial statistics are interpreted considering geometric specifications of
the Holy Shrine of Imam Reza and some costumes of Visiting the Holy Shrine of Imam Reza.

Results

The research highlights the spatial distribution and movement patterns of pilgrims around a holy
shrine. High-speed movement clusters are concentrated at the entrance, while three low-speed
clusters are located near the shrine, opposite its corner, and at the exit. The largest low-speed
cluster near the shrine arises from pilgrims performing rituals like touching, Kissing, and
praying while holding the shrine. Another low-speed cluster near the exit is due to pilgrims
moving backward to avoid turning their backs to the shrine, continuing until they reach the
mosque door overhead. The study reveals a corridor of movement with variable speeds
connecting the entrance and exit. Additionally, customary rituals such as reading pilgrimage
prayers and modern behaviors like taking photos are observed.

Conclusion

The movement patterns defined in this paper provides the required insight to optimize in-site
management of crowd.

Results

The research highlights the spatial distribution and movement patterns of pilgrims around a holy
shrine. High-speed movement clusters are concentrated at the entrance, while three low-speed
clusters are located near the shrine, opposite its corner, and at the exit. The largest low-speed
cluster near the shrine arises from pilgrims performing rituals like touching, kissing, and
praying while holding the shrine. Another low-speed cluster near the exit is due to pilgrims
moving backward to avoid turning their backs to the shrine, continuing until they reach the
mosque door overhead. The study reveals a corridor of movement with variable speeds
connecting the entrance and exit. Additionally, customary rituals such as reading pilgrimage
prayers and modern behaviors like taking photos are observed.

Conclusion

The movement patterns defined in this paper provides the required insight to optimize in-site
management of crowd. Besides it may result in more convenience for the pilgrims. More
patterns and detailed specifications could also be defined and these could be embedded into
simulation environments and also feed the key performance indicators used to design
management dashboards. Based on these findings, recommendations include creating a
backward movement path for exiting pilgrims, designating a prayer area above Imam Reza’s
head that does not disrupt outgoing flow, and improving movement patterns in Dar al-Huffaz
portico. These measures aim to enhance pilgrim experience while maintaining smooth
movement dynamics
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Besides it may result in more convenience for the pilgrims. More patterns and detailed
specifications could also be defined and these could be embedded into simulation environments
and also feed the key performance indicators used to design management dashboards. Based on
these findings, recommendations include creating a backward movement path for exiting
pilgrims, designating a prayer area above Imam Reza’s head that does not disrupt outgoing
flow, and improving movement patterns in Dar al-Huffaz portico. These measures aim to
enhance pilgrim experience while maintaining smooth movement dynamics
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