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Abstract

The water scarcity crisis in Tehran Province and the Varamin Plain, coupled
with freguent water and power outages, has led to air entrainment in pipelines,
increased pressure, and pipe bursts, highlighting the need for intelligent water
management in the deployment of emergency response teams. The innovation of
this study lies in applying artificial intelligence—based methods for spatial
analysis of incidents and identifying optimal locations for the deployment of
mobile emergency teams. The main focus is on reducing response time and
improving service coverage through the determination of optimal points using the
Se f—Organizin? Map algorithm. This innovative approach contributes to the
development of integrated software for incident management and faster decision-
making under emergency conditions. The study area covers four counties:
Varamin, Pishva, Qarchak, and Pakdasht. Using the Self-Organizing Feature
Mapneural network algorithm, 16 optimal points for the deployment of mobile
emergency teams were identified to enhance coverage and reduce response time,
thereby minimizing losses caused by water and power disruptions. A total of
3,603 incident points recorded in the GIS system with UTM coordinates (Zone
39N) were used for spatial analysis and clustering in MATLAB. The research
process included spatial data collection and preprocessing, SOM execution, and
output map generation in the GIS environment. Among the 16 optimal locations,
9 are situated in high-incident-density areas (more than 8 incidents per square
kilometer), and 6 are located in zones with high customer density (over 1,666
customers per square kilometer). The distribution of other points across lower-
density zones ensures adequate coverage of rural and sparsely populated areas.
The results indicate that the SOM algorithm successfully identified spatial
patterns of incidents and population density, achieving balanced and efficient site
selection for mobile emergency teams. The main advantage of SOM lies in its
ability to analyze two-dimensional spatial data precisely, preserve topological
structure, and adapt to data variability-making it superior to other clustering and
metaheuristic methods. The findings confirm that the SOM algorithm is an
effective approach for urban crisis management and optimal deployment of
emergency resources, with potential for further development using more complex
datasets to enhance rapid response systems.
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1. Introduction lead to optimal site selection and improved
In recent years, Tehran Province has faced serious ~ €fficiency of emergency service centres in critical
challenges in the supply, maintenance, and situations.
distribution of drinking water. The four southern This guideline serves as a template for
counties-Varamin, Qarchak, Pishva and Pakdasht- Microsoft Word. Please carefully follow the
with a popu|ation of over 5.8 million pe0p|e and instructions prOVidEd in this format to ensure
an annual growth rate of 2%, are highly legibility and uniformity.
dependent on groundwater resources. Population
growth, urban and industrial development, and 2. Methods
high summer temperatures have led to increased This study is an applied and descriptive—
water consumption and additional pressure on analytical research conducted with the aim of
water supply networks. The structure of the optimally locating mobile emergency and
network and the region’s geographical conditions, incident response teams in critical situations, such
especially during power outages or water as water and power outages, in the four counties
rationing, result in problems such as water of Varamin, Pishva, Qarchak and Pakdasht. The
hammer, pipe breakages, and an increase in research data consist of 3,603 incident points
incidents across the distribution network. recorded in a GIS, with coordinates stored in

Due to the wide dispersion of urban and rural UTM Zone 39 North. These points represent the
areas and the existence of underserved locations, locations of various events that have occurred in
there is a need for targeted deployment of mobile the water distribution network and urban
emergency crews to minimise response time and infrastructure in recent years.
prevent crisis escalation. In this study, the To analyse and cluster the data, the Kohonen
Kohonen Self-Organizing Map® neural network SOM algorithm was used. SOM is a type of
algorithm-first introduced by (Kohonen, 2001) artificial neural network based on unsupervised
was used to determine 16 optimal locations for learning, capable of classifying multidimensional
deploying these crews in the four counties under data into distinct  clusters, reducing
study. SOM is considered an effective tool for dimensionality, and identifying hidden spatial
spatial data clustering and pattern recognition, patterns. In the scientific literature, this method is
making it highly useful for spatial decision- referred to as the Kohonen Self-Organizing
making in critical situations (Cottrell and Feature Map® and is widely applied in spatial data
Verleysen, 2006; Sokhansefat et al., 2011). analysis.

A review of domestic and international studies The main assumption of the study is the
shows that SOM has been successfully applied in deployment of 16 fully equipped mobile
various fields such as urban risk assessment, emergency teams to ensure rapid and effective
landslide  hazard zoning, water quality response to incidents across the study area. The
classification, and flood risk analysis. Examples SOM algorithm was trained using the 3,603
include the work of (Sokhansefat et al., 2011) in incident points, and the model identified 16
identifying high-risk areas, (Ahmed and Forte, central locations as optimal clusters for team
2016; Huang et al., 2017) in landslide hazard deployment. These locations represent proposed
analysis, (Nikoo and Mahjori, 2013) in positions for mobile emergency bases, offering
classifying water quality, and (Wu et al., 2022) in the shortest distances and widest spatial coverage
assessing urban flood risk-demonstrating the high relative to the recorded incidents.
accuracy and efficiency of this algorithm. The research process was designed in five

In Iran, research has also been conducted on stages. The algorithm was executed on the
the location of emergency service centres, such as cleaned data in MATLAB, and the results were
(Davoudi et al., 2014) linear model for presented as a map of proposed locations for the
maximising emergency vehicle coverage and 16 emergency bases across the four counties. The
(Bozorgmehr,  2021)  GIS*based location findings can be used to optimise emergency
selection for natural gas emergency service response, allocate resources efficiently, and
centres. Internationally, (Gong et al., 2022) have enhance the resilience of the water distribution
proposed hierarchical optimisation methods for network in the face of crises (Fig. 1).
locating fire stations. The overall conclusion of
these studies highlights that combining machine 2.1. Kohonen algorithm
learning algorithms such as SOM with GIS can The Kohonen neural network is an unsupervised
! Self-Organizing Map (SOM)

? Geographic Information System (GIS) % Self-Organizing Feature Map (SOFM)
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Refined | Algorithm Map

5 Conclusion
Data lementation preparation

Fig. 1. Research process

learning method designed for dimensionality
reduction and revealing hidden structures in data
through two-dimensional or multi-dimensional
maps. This network consists of two layers: an
input layer containing feature vectors and an
output layer with neurons arranged in a grid, each
associated with weight vectors. During the
learning process, input vectors are compared with
weight vectors, and the winning neuron-along
with its neighbors-is updated to form a
topographic map that clusters similar data
together.

The origins of the Kohonen learning rule date
back to the 1960s and have evolved over time
through contributions from researchers such as
Von der Malsburg, Grossberg, and DeSieno. The
rule operates based on finding the closest weight
vector to the input data and has been optimized
for uniform probability density functions. As
shown in Fig. 2, The Kohonen network can be
implemented in one-dimensional, two-
dimensional, or multi-dimensional configurations,
using various similarity measures such as
Euclidean distance or angular distance.

Yin

Fig. 2. Structural model of the two-dimensional
Kohonen network

According to equation 1 and 2, The Kohonen
algorithm begins by initializing weight values and
learning parameters. In each iteration, the
distance between an input vector and each
neuron's weights is calculated, and the winning
neuron is selected. The weights of the winning
neuron and its neighbors are then updated. The
learning rate and neighborhood radius gradually
decrease to stabilize the final map. This method is
particularly effective for spatial data analysis, as
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it identifies hidden patterns without requiring
labeled data

Winew - WiOId + o (X-WiOId) Zi, 0<ox1 (1)

for winner 2)

Wnew _ (1_ a)V,V?Id + aX
other Unites

pag] - W?Id

In this study, data on water distribution
network incidents were collected from the South
East Tehran Water and Wastewater Company.
The dataset included geographic coordinates of
events, which were converted to the UTM system
and corrected for spatial errors before being
processed by the Kohonen algorithm. Ultimately,
3,603 incident points were analyzed to determine
optimal locations for emergency response teams.

The key advantage of the Kohonen algorithm
in this research is its ability to efficiently cluster
spatial data without supervision. Not only does it
uncover spatial patterns, but it also suggests
optimal deployment locations for emergency
teams while accounting for geographic
constraints.  The algorithm's  simple and
interpretable output makes it a practical tool for
enhancing crisis management and incident
response strategies.

3. Results and discussion

This research has utilized Kohonen's SOM
algorithm to determine optimal locations for
emergency response teams in four counties:
Pakdasht, Varamin, Pishva and Qarchak. As
shown in Fig. 3, the model was implemented in
MATLAB  environment, analyzing 3,603
geospatial incident points obtained from South
East Tehran Water and Wastewater Company,
identifying 16 optimal locations in a 4x4 grid
structure. The input data in UTM Zone 39
coordinate system, after correcting GPS errors
and validation in GIS environment, enabled
precise determination of deployment locations
while considering urban and rural constraints.
Fig. 3 clearly demonstrates the distribution of
clusters resulting from the Kohonen algorithm
and the proposed locations for team deployment.
Also, the matrix inserted in equations 3 and 4 is
the output of the algorithm in the MATLAB
environment

55165 5.5462 5.5945 5.6319

5.5181 5.5463 5.6169 5.6649
55611 5.5845 5.6162 5.7403 ©)
5.6405 5.5926 5.6529 5.7256

x105 =W (155)
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3.9209 3.9244 3.9286 3.9302

3.9102 3.9170 3.9264 3.9249
3.9018 3.9128 3.9204 3.9172 ()

3.8978 3.9089 39118 3.9117
x10° =W (255 )

4. Conclusion
The research results demonstrated that the SOM
algorithm, despite its simple structure, is capable
of effectively analyzing spatial data and
uncovering hidden spatial patterns. One of the
key advantages of this algorithm is its ability to
process two-dimensional spatial data alongside
descriptive data, enabling more precise weighting
of incident-prone locations. Additionally, SOM's
preservation of topological structure and
adaptability to new data make it a suitable choice
for responsive crisis management systems in
dynamic urban environments. In other words, this
algorithm can not only identify current patterns
but also propose new optimal locations in case of
changes in incident distribution.

Compared to other methods, the advantages of
the SOM algorithm are more pronounced.
Methods such as DBSCAN and Hierarchical
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Clustering are primarily designed for data
clustering and do not directly provide specific
locations for optimal deployment. While
DBSCAN is effective in preprocessing, including
noise detection and automatic determination of
cluster ~ numbers, its  output  requires
supplementation with other algorithms for
location optimization. Similarly, Hierarchical
Clustering, despite its ability to analyze
hierarchical information with descriptive data,
suffers from high computational complexity,
resulting in slower performance with large
datasets.

In contrast to metaheuristic algorithms like
Genetic Algorithms', SOM exhibits faster and
more accurate performance in problems with
simple and low-dimensional data. While GA is
more suited for multi-criteria analysis and
complex datasets, SOM's interpretable, fast, and
accurate outputs made it superior in this study.
These characteristics position SOM as an efficient
tool for optimal location identification.

! Genetic Algorithms (GA)
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