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The Arbaeen pilgrimage is one of the largest religious events in the world, as
the route stretching from Baghdad to Karbala witnesses a massive human influx
of millions each year. This extraordinary crowd poses major challenges in terms
of mobility management, service provision, and emergency response—particularly
given the limitations of traditional infrastructure along certain segments of the route.
Accordingly, this study aims to design an intelligent emergency response system
for crowd movement management, using drones and remote sensing technologies
integrated with Geographic Information Systems (GIS), to provide real-time spatial
insights that support rapid and effective field decision-making.

The proposed system relies on conducting repeated aerial surveys with drones
equipped with optical and thermal cameras to capture high-resolution images of
crowd locations along the route. These images are processed with specialized
photogrammetry software, such as Pix¢D or Agisoft, to generate YD models and
analyze movement density, while also detecting areas of thermal stress or unsafe
congestion. The resulting spatial data are integrated into a GIS environment to
produce Dynamic Risk Maps, which identify critical hotspots and classify them

according to intervention priority.

A prototype model was developed based on several spatial indicators, including
crowd density, surface temperature, proximity to medical services, and topographic



slope. Various movement scenarios were simulated during the peak of the pilgrimage,
enabling the proposal of a dynamic emergency response plan that ensures better
deployment of medical teams, determines the shortest access routes to risk sites, and
optimizes the distribution of smart guidance loudspeakers.

The modeling results demonstrated high efficiency in predicting congestion areas
before they occur, reducing response times by up to /¢« compared to traditional
methods. Therefore, this study represents a practical contribution to the integration
of spatial intelligence tools in crowd management, with potential for the model’s

application in other religious pilgrimages or similar large-scale events.

Keywords: Mass Crowds, Pilgrim Services, Arbaeen Pilgrimage, Drones and
Remote Sensing Technologies
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