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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 can contribute 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

In recent years, Tehran Province has faced serious
challenges in the supply, maintenance, and
distribution of drinking water. The four southern
counties-Varamin, Qarchak, Pishva and Pakdasht-
with a population of over 5.8 million people and
an annual growth rate of 2%, are highly
dependent on groundwater resources. Population
growth, urban and industrial development, and
high summer temperatures have led to increased
water consumption and additional pressure on
water supply networks. The structure of the
network and the region’s geographical conditions,
especially during power outages or water
rationing, result in problems such as water
hammer, pipe breakages, and an increase in
incidents across the distribution network.

Due to the wide dispersion of urban and rural
areas and the existence of underserved locations,
there is a need for targeted deployment of mobile
emergency crews to minimise response time and
prevent crisis escalation. In this study, the
Kohonen Self-Organizing Map® neural network
algorithm-first introduced by (Kohonen, 2001)
was used to determine 16 optimal locations for
deploying these crews in the four counties under
study. SOM is considered an effective tool for
spatial data clustering and pattern recognition,
making it highly useful for spatial decision-
making in critical situations (Cottrell and
Verleysen, 2006; Sokhansefat et al., 2011).

A review of domestic and international studies
shows that SOM has been successfully applied in
various fields such as urban risk assessment,
landslide  hazard zoning, water quality
classification, and flood risk analysis. Examples
include the work of (Sokhansefat et al., 2011) in
identifying high-risk areas, (Ahmed and Forte,
2016; Huang et al., 2017) in landslide hazard
analysis, (Nikoo and Mahjori, 2013) in
classifying water quality, and (Wu et al., 2022) in
assessing urban flood risk-demonstrating the high
accuracy and efficiency of this algorithm.

In Iran, research has also been conducted on
the location of emergency service centres, such as
(Davoudi et al., 2014) linear model for
maximising emergency vehicle coverage and
(Bozorgmehr,  2021)  GIS*based location
selection for natural gas emergency service
centres. Internationally, (Gong et al., 2022) have
proposed hierarchical optimisation methods for
locating fire stations. The overall conclusion of
these studies highlights that combining machine
learning algorithms such as SOM with GIS can

! Self-Organizing Map (SOM)
2 Geographic Information System (GIS)
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lead to optimal site selection and improved
efficiency of emergency service centres in critical
situations.

This guideline serves as a template for
Microsoft Word. Please carefully follow the
instructions provided in this format to ensure
legibility and uniformity.

2. Methods

This study is an applied and descriptive—
analytical research conducted with the aim of
optimally locating mobile emergency and
incident response teams in critical situations, such
as water and power outages, in the four counties
of Varamin, Pishva, Qarchak and Pakdasht. The
research data consist of 3,603 incident points
recorded in a GIS, with coordinates stored in
UTM Zone 39 North. These points represent the
locations of various events that have occurred in
the water distribution network and urban
infrastructure in recent years.

To analyse and cluster the data, the Kohonen
SOM algorithm was used. SOM is a type of
artificial neural network based on unsupervised
learning, capable of classifying multidimensional
data into distinct  clusters, reducing
dimensionality, and identifying hidden spatial
patterns. In the scientific literature, this method is
referred to as the Kohonen Self-Organizing
Feature Map® and is widely applied in spatial data
analysis.

The main assumption of the study is the
deployment of 16 fully equipped mobile
emergency teams to ensure rapid and effective
response to incidents across the study area. The
SOM algorithm was trained using the 3,603
incident points, and the model identified 16
central locations as optimal clusters for team
deployment. These locations represent proposed
positions for mobile emergency bases, offering
the shortest distances and widest spatial coverage
relative to the recorded incidents.

The research process was designed in five
stages. The algorithm was executed on the
cleaned data in MATLAB, and the results were
presented as a map of proposed locations for the
16 emergency bases across the four counties. The
findings can be used to optimise emergency
response, allocate resources efficiently, and
enhance the resilience of the water distribution
network in the face of crises (Fig. 1).

3 Self-Organizing Feature Map (SOFM)
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Fig. 1. Research process

2.1. Kohonen algorithm

The Kohonen neural network is an unsupervised
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.

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 _ (l_a)W?ld + al
other Unites

i - Wpld

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

5.5165
5.5181
5.5611

5.6405

5.5462
5.5463

5.5945
5.6169
55845 5.6162 5.7403 ©)
5.5926 5.6529 5.7256
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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)

g)Lbléngo
Q
VEE Jloe oylade sy =



Ao ojlods « 0y “,:Mablésy]' @

oy b ol SO mu 58 Sl jlw GG 1 yakw! (5 jlwdiug
(< B 9 9 ool 19 cabilsTly (SO UL 5o 153 390 4xdllne) (omrs Ay

IS5 ol 3ala b 53 50 sonele

olﬁl ‘w.al), ‘oleJ' UL:“'l ‘;).‘.‘a Sl &,&Mb,yi CAS}A:J sl 6)|°}!°)'Q’.‘5““"5; C.u'sl.!.a ‘63)3|J.5t.3..\..:4)| u»Lz,:)lS—\

i.tavakoli82 @tpWW.Ir (Jgtume s 55)

https://doi.org/10.22093/wwj.2025.544414.3513 dg s dldo
LXVCES
S cWssly A (5 519 90 631 9 21 )N (Sl oalad L ol o el 9 S 9 ol d Q! 53 S ol

cemas a8 T 24598
«sbew 31wl SOFM

Ol S o

VEST/YIYA il s
VEC YA kol

VECEA/Y by

4 allie il 5 Sl g1y 95 olfiuws 3
S oalitd ;)] & j90

1y g3l (SldaST )l ] 13 O Womigh Cu prdo 159 30 45 0uwd bohd ( SuunSwd g ,Lid (il 341
S o gl (Sgian (pigd 2 (e S g, I 83Uk (iR T (1l 3 (S 9l NS (o0 Sy
4t 9 STy ooy GBI 32 (ol 55 505 392 Blutel (SrasST f ten! Al CupmBgo (o lwlinss g Lodlg
2195 0 &l9195 3,09, (il 390 SOM s 1581 51 (53050302 L st LU (e 32,0 51 (531l iy
0390 S SWS (5,1 sl gl pad )3 5 p (5 S el g D3lga o e ol (513810 53 drugd &
S S Lo (nl 53 39 CbaSh 9 Sy by (ool yg (e 5 3 Tk (! (Wl
Ll b (SeaST 1yl (g dinger abE 1T ((pghsS ol jlwdgh CudlS ouas aSd oy 53!
Olylad 9 1l GRI381 Flon Sl & (Samw; S (295 Fwl loj (AL 9 gy d90 L U b
laaisw Ly GIS piuw 55 0uwd Cod alsls dlails Yo ¥ glaodld cow o J8lios &y (59 9 f alad 51 il
Jolid g imy i3 o 03l MATLAB lases 45 gisadss 9 Jalos (11 Jlows ¥4 395 UTM
Ol 31 29— GIS Luseo 15 (29,5 Al 4 9 SOM 5y 981 (5121 ¢ SIS (5lao3ls axiuas g (5 yglo
ahaii g (a0 p0pioghs 2 pd didls A 51 iwy) ©dlgn (YU o515 b glaodgusme 45 dlall A (g aladi 37
2 b b @595 3515 51,5 (@250 aghs’ 5 )5 S piudie YTTT 51 ) 0 e SYL 05155 b (2195 5
SOM ()91 315 ()i gl S (o (o | CapmonnS g (2 liawg) lio (nda (e o515 (slaasl
Wt ©y904 1) o ol (SLCAST (b e (uror o515 9 ©3lga (e LagSI bl L diandlys
2309 ol e &1 (e Gy gla0dl> (3,33 Jdosi ;5 SOM o joSUl (el Cajo ad eloil (190
SLa gy prlw do o | o o8 Gl o3l Oyt b Gl (Ul 5 (Saolned HUsLu i g
SOM (s 51 48 391 o3 02Bd Ll (g imy (il SISl WS 0 jalako (5,001 1,3 g (gimawigs
b s Cudyb oS ol (g3lol O dinges o) pien! 9 (55468 G020t Ca e (5132 el (5,801,

3313 (6598 Ty saailolr (5,1 yoliteds | oy (sloodl>

oy PISI 3 D yg0 4 Wlio ol 4 £l ol (Sl p
ASad 31 (65350 12 L OF (B 1o 53 3ol Hlaws (SLBCRS! 5l Ykl (¢ 3lwdinge A F o F ol (595 o HDGIWB D (3320
(st Yo 53). IS5 9 T (S 55 99 00159 (CBIS (St 3 159 90 I (s
https://doi.org/10.22093/wwj.2025.544414.3513

© The Author(s).
This work is licensed under a Creative Commons Attribution 4.0 International License



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:i.tavakoli82@tpww.ir
https://doi.org/10.22093/wwj.2025.544414.3513
https://doi.org/10.22093/wwj.2025.544414.3513
https://doi.org/10.22093/wwj.2025.544414.3513
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

dx.doi.org/10.22093/ww;j.2025.544414.3513

S5 olaal 5 hisole b (5550 el

O ga  gmassls (5)‘\_..\:‘..34_.45 JjLM &= adanie sl
(Caottrell and Verleysen, 2006) s 3% .o

}g:«é-.ac;.”e_w ij}}“w )J.:)\SLSL:_N‘))J
LgJ‘..JULJ"J:“i—“’iJ@L..J)‘Ls‘J’SOM )‘o:b.iu‘bdb&@
s St 5 LS glonsls oS5 L gl s bl e
Sl =l 5 S gbls plulid & 3850 50 55
(Sokhansefat et al., 2011) sus 2.l

Jd>s ;5 SOM 5lasle sl U 55 Forte s Ahmed pooves
BYSRARE UV PP VISR SU SIS SESYR S TP RSP
.(Ahmed and Forte, 2016) a:z51s 5 55
Seslial U Lagl s 8, p5adipe Jhs gandibae
Lgl.h&l;d)s\JﬁJ}fJ‘w‘dmayja.sjfsi\.ub.i:bjlap",;
(Huang et al, 2017) was olis 31 S5 5

e Gl kS (e 5 55 Kos S o
185093 ol 5 GanawISSOM 5 (656 g, 4l (xdaw
.(Nikoo and Mahjori, 2013) 45 S awslis
Slm =55 B, 0L s WU Lo s 05 g3y 5o
salitnl ST g3 51 a8 oud 1) (6 ed oM S, 215
(D-AHP) sace Uy ailys sgs (o510 ddes Jlows (355 108 0

&l SOM (gusacs 5 o555 5 Lo s Ll 55 (e 812
O (g goeesls O so i O S clﬁ—‘ O
\S—.ﬁ)}.x_;rl:u‘ﬁ}}éjﬂgjsdkhjﬁ@‘ sad salaal
M)Lgb\:ébbadz‘:ow@u.ﬁmmﬁch“@g
s s Ll S sbla 3 B (4o /AP) YU Sl
sy plss s Lo iy b anslie i ls 15, S K28 ST
g pae & Wl o0 5 Sl S ik 5 558 0 sy pl S

(Wuetal., 2022) 1S S (5 48 oD

LoaSd om! 5o gl J 285 Gloly 039> o

ot oslinal b5 5al3 i iy 5 35 ol loles ol
o W1 & o asil g o i 5mal 51 ey LaaSes e
O o oL 5 gl laciin 503 ,8 (Rl ) e Sond

.(Panasetsky and Tomin, 2010, s> 431, Jlaxs| L34 55
Negnevitsky et al., 2013)

Water and Wastewater

Vol. , No. , 2025

doddo -
2332 5o ghali g e U sl dle s ol ol
ez omlism a5 Of a5 5 6ol s
3o oSz 3 e els Jold ol ol (s Ol 42
ol Il s S 0A e AL e oSSy
Siannly o ity 45wt (63,5 5 Comen (A8 den
ol oz L 55T b iyl (s O s
55255 ol ol el a5 ¥ 5L YL bl g
e |8 el (o 5 (6 e 03 S a5 Lol o
el JLad sead Jlu o8 b p3 0590 w2l O e
el 53,5 305 gl Sl 5 Syl ekt

e oreb b Tie sles Gl 8l S b o
Sbas 5 55,5l S sbe sy s Of G 258l
Sy gime 5 el how 2l s 4 Ss 5w 5l sd e
I 5 Ol eSS Sl Sy (il S el 2B
Candy ol W gdon Sl (abaie a3 5 gate e Jlos! 4,150
oelss s dibate mhas (1S5 5 5 Si B sl Js
JUizl bylas JolS adsg sl ol pen 4 (SU ks il 20150
slonl 0 03 pad Olag s sl 5l 3k OSGl b -
sloddy ps SaSa s Sosame slow, 5 i 51y
e e SLsd G580 LS s 605 g0l 35 0 DLl
somin Ol a5 St s Dol 5l a5 JoB sl 55
395

530S g 3l i il 3ls g3 ot o, Sl
el SBU 0500 52500 (st S ) S ol ad (2
3 G 5 gamaiy sleashs s ol gl S o (s
Sl s pise S cnuland wslid Jie sl falS
031y Jams ol cadzsia las )8 5 (6550 anl B S i
sy slasls Jobos 5 (3t oo (urie 052 e >
(Kohonen, 2001) el os S s

s s, Verleysen 5 Cottrell . s s i5— 5o
(S5 059 Sosls i lbaie; 531, SOM e iy
SOM «S usls s 5005 S s S Julow 5 cwliil g0

! Self-Organizing Map (SOM)

YR s

092
29



dx.doi.org/10.22093/ww;j.2025.544414.3513

ey Sl Jlws (slocwST |l izl (g 5lodig,

cidzse b o 3 - Shes DLBLI ) res (goleiiy
.(Gong et al, 2022) 1S o g3l dan 5 1, ol

Dsl g el 5 (6ol 57 5o Slel sla 2l 51 S
53 6l 51 20 Syl 03,5 Gk s 5 STy olos talS
S b G Jobows ol o ol (San (o o 50b 58
e 33 el slel oS glaband 1S 5 o3l sl Easal e
st 5mas G e SR SIS ey
il oS 0 e 651 5 53,55, Ol s 4 SOM (5, Sl
3 shasl malr (gla sl le 5 plutmsann 5 6l (53,28 ool
ISP LU [ [ PEPHCI JULCIE: SN JUR
s sl W ga

ol S s s 534S aas e ol iy Slallas
Lol 055U SOM 2 ) 5800 s 2, LS ( gol oy sy oSG
RPN PSP SR SN CPP ST JORVPIIS SRPINEE
4S s e olis g Olasl 5y e peiared (sl sai
il o llos Bles s (o 5me Fsn s sl )
955y 1S Ol o S e 5 Salgm sl oj s> 5305 54
SOM oz, 831 (55580 b s S (rms sy ol il S 1 3
Slastos iy 53552 50 S olisl oSl g Lo L
Stz il 5 o0 (8520 B op (5S84 a8 i 0 |y g
s LS glansls 3l aslinal U K555 sba ol <1,

58 Dl Sy pae g slaal b Lo e el gla 153l 5

o295 o530 -Y
San L a8 g (o= o 5 5 53200 ¢ 5 51 23 0l
S bl i s Sl g sl Jlw slacSt e SLolSe
5 S gy el Ol e Sl 53 (G5 T ok i)
Jols g5 ol oo salials s ge (glaesls il ool Culusly
Lol latin 48 35 GIS 3 0 S il i Y50 F
B st o5 Ui ¥R 55 UTM i s
52l s b s didase DU 550 sl de SSLLS
iz 53 gl s s gbisle

slaats s S 51 Lausls el gssad i 5 kot s

Water and Wastewater

ol V=555 (6 Saes wile oagos s sl o
Gloosls 5 Emar 1,5 Sl g Bl Ly Lns
SLa i Ol 5 i das y sblie SLalid gl o5 5) grais
.(Yuetal., 2022) a3 sslazal 3R e
et shals Slslas 4l sbosbols js rimen

A3 plie Shoslizal g5luaig 5 2815 olos (2alS s ise S
Sy sl St asle g lansls w5006 1y rslhat g3l
a8 s K553 &y i | galaal el 5 (S5
{(Smirnov et al., 2009)
Jds 0 g sS ) SIS s o ol Dladlas ol 55 0
i o s Ll gy samy sbasls 3l oo YU &,

Sl e 2L0 5 0l o e sl el gle S
3350 oled 4 (g3l

Sl 53 Sl slaal 5910 ey (LS 65550
15 el s lSal, 51 S oy ol Ul s o e
Slles Lo B GRl5l 5 ol 4 (2sly ol S2alS
et 3 el B S 15 (2,5 5 s o Kty sy 4 5550
5 S 4 oy Loz 5 5 S 5 oo Sl aslizal el
Lisl 58150 ol S8 (53500l 0 5 5002 53 (5550 25 (5 5luanes
S o

Sl s Jae S 0l LSen 5 (g9l 5 528 J51s s
Gl Sua b ol ksl Slaas by s 3 LIS e

.(Davoudi et al., 2014) s> &1, el 5,40 2 g

Sl s Sl el l JEPK SRR PN
Slaas Oyl 5810 ey b o 1S 4 ol LS as
St oLl gl sy s 58 S e 5 e
sshteds ST 0 dig CumB e el 5 8 SResdy )l 5s s S
35t A s Sl 3N Y S s
(Bozorgmehr, 2021)
R s S ol LSea 5 GoNg S5 (g 5o
Sl slasl&ay) Gbolse sl o510 ke g5luagy
(i3 3 g5l Sl a5l ol Dbl ol o8 s S 61
Jocs 3 mSon A5 55 15 (618 5L S gaze 5 dold s g

! Geographic Information System (GIS)

Vol. ,No. , 2025

Q
VEF e oolade ayss &



dx.doi.org/10.22093/ww;j.2025.544414.3513

K5 olaal 9 Bsole 3 (55500 dala

i 2l gl bt b OF mlis spuS w5 L
St lge ST it o b st slodle s bl el als
slosly i (ol Dl i (2 0Lke 057 55 Jelss
G o 5> o s il s Jool i 6ol s Gros

(Zare, 2021) slazils

F 255 4 SOFM o3 ) S -Y-¥
Lassls slasl 2alS (gl o ol 8, s K2 Sy 0 sS
Ly a4t S B s Lag T plagy sl tlas
O35 smas LSS B3l oid Ak ganay
b bz glansls 4 5l S Gaee 6550 Ss L
bl 5 Lo 5038 ol 1) ez s 3 slassls SOM
V55 31 Y ans SOM S S S o (g 55 ol
Jols 63559 4o Y bzl (Kohonen, 2001) s s JoSis
Y o (L5 5 Lo o e Sl i) S35 ol s

Min) ISt 5 gty S Sl ooy, 8 Jols wzi b (255

So Lt s 9as55 0 niliad e (ke 15 L e
lsls asile T sl g o3l S Cl s a5 ol
Sl ol b 63555 5152 06350 (Kﬁ SENGITITSY)
o reS) ols Ly el o ey G5 500 wlie S5
s L« s 3 5 g0 w23 L 003 2 09,55 Ol s (Aol
< ol glons) s Loy b wain 0505 Ss
e al b opl ol e i e o (63955 b L
2 alio sla S5 5 Ss 50 S Sy g et S8 ¢
B & CEL PR R Ju PLOS- 373 — LS sl leess
b ol o S0 ) 650

el sl 5 5 GBS o e Sl 5o 55955 | SOFM

PR S 4Sed -\ =YY
ool 31 g8 5 V98T Gladlo a s S 6ok o5 4y
Yoams 3, S a0 oyl s gana s Esla
§smozme 1S sanl ol (e 5 S (S me (S50 RESRCR
So slaS cidese gloasly s Laggnsss o b e slacss

2 Weight Vector
3 Christopher Vandrmalzbrg

Water and Wastewater

Vol. , No. , 2025

3 male Sl s a5 S ot sslinad | g S sl slus 3
ol s salial ) Sl 1 e SloaSeS S S
Sl JEU 090 (5500 b (8 sme rs S o 58 oS
SoSE pascde gledd 5 4 1) ganazy gl el B S
315 5 oley ld (slo S Gaits 5 slad lS s 5 a8
e

=SV ol Ll 8 s S ol Ghess ol 28
C A5 s g Sl gl el Sl b ol L
(ol o g aial g3 s dalllans ) g0 03 gies elas 53 Lol
sactiosls 25l adsle LB TE Y il y SOM o, S
Sl 6l e glodd 55 Ol st (550 Curdge VP L Jos
@l S glacaadsn adlyss 3S1,m cal oS nd bS]
5 alols 1,208 S win sohael Sl gnlS Ll and gl
Al ad a glashas s o cs | Gt g op rie

S Ol oo iy s 1) GRag sy bl anl 3 JSS
635 = ¢S Gl 5l ey Jo (25,5 5 S S 3ollas
5 O oot MATLAB L s s su aiai gLassls
Dbz e s ool s L V)il (6 (s3lenty GlaglS
53 2815 o sacal sty gl s 5 o Ol e
91 el gle parass (sul kol sty gsleas
55 aslizal ool nl 5o 595 S

7 D
/ \
\
Spatial Data Rafined A g, Conclusion |
Data imp! ation preparation |
\ /
S

Fig. 1. Research process

Y YLARCH LS Iy SO

&350 aalllas—\-¥
5 Sy S S W 51 i b el s ¥ S 5allas
Gblo e S| 8o LSl S Sla P s s
SISy sl s mlcnnl ole olal (65,5WaS ud
Sl it 20 VYO B e 0T i) 5o lms bies

el 53 S 0l 3 (6 4 dr 55 5 (555088 (5l (ormlie Ly ,3 S

! self Organization Feature Map (SOFM)

VEoE dles soled. s B



dx.doi.org/10.22093/ww;j.2025.544414.3513

ey Slsel Yl (slaceST il (55ludinge

E 45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E
E T T T T
B ,
West Azarbaijan S
Ardebil
Fast Azarbaijan " =
_t o Gilan . Wf-.‘i’nnh Khorasan
o i, O & P
= b Yan -, .-+ Mazandaran
Ve e Qazvin i L
E Kordexhn«i T \ - Scemnan ___ Razavi Khorasan
= S Hamadan, T AT =
in Kermanshali” M’"“F'. Qoll =S SR
g S ) . ! s
G Loresefp I 2 g
'610 = .l [Jsfahan o ‘.’.‘
\& o i : y
’ 7 == 3 1 e Yazd 1%
7 %, Chabar Malall and Bakhtiari = 3
z 3 lew'nml Buyer Ahmiad
; B P'"r-. : S Kerman
- \ Fars &
! %9 5 8
1 % L :
! Tlormozgan' :
1 ! -4
4 £
! N z
Bl
¢ MU LI 1KM 3
% 0510 20 30 40 \\’@E =
S I -
Vsl
ol

Fig. 2. Study area
éwm‘e 03 g0 —YJS-J:

wsllan b S Sl J&s w5 sl sl o)
Lo 55255 05 55 g | siams VAAY Lo 35,8 a LIS
(e R sl yan 55 Lal s S Jo ) 5 gm0 S 858
o Sn 530S 058 15 050 s cnl 53 i sS
(i Sy o Lagss s 3l glall i S 4 VS
sanlin LB Y S5 55 o 51 gl ses S ol 2 b gmgs

sl

Ym

Fig. 3. Structural model of the two-dimensional
Kohonen network

Srs o sS 4l ol L Jue -V S

2 Deyvin Desino

Water and Wastewater

53U 013 9 3 30me sy ol gl il ol b bl 255
o OF o e 5 S50 (529 B 92 25 50 srlrer S
Lol (253 opl 4 Jeaze cilzse slasns,s

53,5551 Sola sl Sl £ i VAVE JL s
s Fll s bl Sl ssd e e iy opl 03 S G556
L 08 ol Bae S s o x5 ) 4 0 SV
2 S Jlaarlon Lol SWi s 45 game S o5l il
Gl ls s s il s a LS5 1 p ol Jlazs! JEs
LX g3505 sl 2 sl aS azes s 1,555 o5k ubw
b ails p Jlosel S b
P = (v)
ol s sS

i=1,2, .,m gl el o 5 S 3 W4 X

! Stephen Grossherg

Vol. ,No. , 2025

Q

\f’fJL«u a)Lowi. 099

.



dx.doi.org/10.22093/ww;j.2025.544414.3513

S5 olaal 5 hisole b (5550 el

B e 55 g aad 4 bl ol b

255 sn st o 5S35
D() = X (wij ;) v)

new old
W™ =1-aw ;™" +ax, (A)

5 -0 Ll Jds 4 i sS s S oy ) 0o
el 38 2, S s Dl e sl ol s o
Wosls 635 2 5550 Gauad 5 Gl gbaosls 4 53 s
1y ool sloslas s 55 ol S sy 5 ams oL
LBy le iS5l dols s el eesde S Ll
SlagSt il ¢l g oK itans 5bas 50351 s
oS s oSl (2 cnliriapes S (on pasia | (ol
S @l oS! il gl 1 (alad glacyssuma

Lyosls ‘5)'L.;a.>LJ 3 djﬂ.s)f—\“—*
CS 5 b T s Kt glaslas s 4 by e DL
LSy LS L5 ole oleal G52 st OMSL 5 Of
oy Ok vl 45 Gillen wnl s (555758 Ul e e
35S a5 (s 2 s shten 1) 595 5 Shes 5l ala 35158
ol il 50 Gl LS SLeMbl Jals 48 wiS o 41 )]
Slatse g sihize glacw 3y gldbis O ) gt Dl
T4 035 UTM i Slasin Uy 5 o Llax 3,0 5 b
W o Jled

o=l das gl Slulbw sl Sl a5 L
s @Bl Clase (S0 UTM sl cts oy
GIS Lol 5l oslid U ot ool oaiztls UTM 4 bas &
5 olial Gl s ety by sl el ot oL
alye s Lol e o ol 5 LT 28,21 7Y sl s
=i GPS (slbas o5l ) Lo g5 G g0 s pob oS S ka8
Lol 5 sl Ed adind 55 6l 3 g | ol
ool Gro sz 5 B Ol sl s g as s SS6

! Latitude and Longitude

Water and Wastewater

Vol. , No. , 2025

X 65})})‘5J_341_.ouup\jj\g&‘ﬁdxfb\iju).)
.LI.IS@Q*:L"MY‘ 4.])\.«&))}.44{\):356\.@033

li =D (X ,wi) )
ol s &S
d\ﬂr,wﬁ@ljsjt@ﬁd,:@,@\@uwGUD
695 0leS ol Sis s Soslazul |, ol roves

0=V 43U ;mwsl3.D(U,v)=1—cosé (t)

S szl lssa , DUV ) UV | sl s
X 4059 58 p S5 il il i3 (0 4l 1 b sl
c;-i“’-’—bi*6-’))5)‘%—1*—30)3@)—3&-15)56‘)"*’\3-‘*“\
du.:)_h)gu};téo&‘(bym‘yﬂf‘juz|xujbﬁ&

:p@osm‘oujdngjjjbd‘f@‘o 4.]5[.’.;0&:))}.04.3

Winew = WiOId + o (X-WiOId) z;, 0<o<1 (a)

Sl 23058 Jolaa 358 0 518
for winner ®)
other Unites

—I old

W,

Wnew _ {(1_ a)W?Id + 055

S IS 5 KUY

bz s s e Ol bl s i g s o, S (sl 21l - 58
U el ot sl WIOW,_{IO3WI0 Ly sl i
e 23550 ARt (§5 0l 5 e o axly (Solaas
NS s dolm adlonis S35 sl b oS Gl b
Jasls 2 gl Dol il X 65555 Jls 0 o (sl 005800
D() slads o 208 48 J s bl uaras (Y Wslra) 35 o0 dmslns
rl-“" Sl el s 5l 0 CLleni p axls plgew ol
2Lois Slossn il gly 5] (Slws 1) gloasls
o 5555l F 5 0l 23 e pLodl A sl o
elS jasia slaples 5o (Slaws plad 50ad Slu 554

YR s

092
29



dx.doi.org/10.22093/ww;j.2025.544414.3513

ey Sl Jlws (slocwST |l izl (g 5lodig,

0> e bl 6513 Jue Sl o 5 e 51 (S
ot o3 5580 ol ed Sl plieg) 5 sed Slaes gas
i LY L Jas (29,5 o280 (gl 5 ey skt
G 515 8 osls 55 GIS Lo s lagyli 14 glass yana
258 Jeol bl slei gladon (216 S 5 SlSa
s 4l oSen sl glaosls 51 (3 Sl 4 5 b s
i 23l il sl b0l (a8 L GPS (sl
28,8 513 g 3ol 5 2V 550 Lnosls Jas (gl
oS (255 oY ole gboss MATLAB Lo s
S o s bt 3 5S1e Sl sl ol s S'SOM
2 el nminsrdeamelin V0 51 SVl 3 S boles
s X Slasa Jsf w;u.x.x.ic\ﬁ_.,lfxf sl 9 JB
51, UTM xjdasr;w)gbmw\Y Slatie 095 o Sle
So il g3 ol 5l bl jate iy a0, S e o
S o i 1, (X, Y) bl lazsi

3.94 107 T ,
3.935
3.93
3.925
3.92
3915
3917
3.905
39

3895

3.89 : 5
545 55 5.55

56

5.65

Sosd Jeols planebl Laucd Dol SIS0 Zoad g0 o
s> Lnnols 5 ils Eoillan i cndls L sl 015
3l s LG S

sLGL s plag (b s 5 SIS (slaesls 4s e any (@)-’
G\Jsa_.alGIS wlols 3ok Slogsad s s CS8 Sl sl
e ol &y ol BB TS Lald Ll s 5 5 4
Olsrean il (VL Sl Gy Laosls oot s (J o
5t ol B U s ls e S s e g0
25 bl b oSt il (6l i aaad o s

Cow g @b -y
)‘P‘rj_; .k:;u BL JM «J}.:L;Q GML:A f (.}&:‘ BL 6))20\4-5
soslal il msls (s 4 S sas 5 Lansly MATLAB

Sl 5 35 sal o m b oSl o s (Gla et a5 aiad a3
..x.'Su_or.b\Jé\)J.mé:};

5.7

Fig.4.SOM output in MATLAB environment

MATLAB Lo ,3SOM > 5 - JSi

Water and Wastewater

Vol.

,No. , 2025

Q

\f'de«“ a)Lew:J. 099

\Y



dx.doi.org/10.22093/ww;j.2025.544414.3513

K5 olaal 9 Bsole 3 (55500 dala

552000 55‘)'000 566:)00 573.000 580l000
UGs
Khavar Shiahr "
prevpic Darvazet) "fsvj“
Abbgsabad-e
Alageh Band w
= sl e A
] e > > ir Hamgmak Pachalak
'E‘_ % > Sika> Malatul
- & A QAT Siah
P 7 o S * oex Chashmeh
G
= sl o<
I 51 =
(LI, | SPSPRL JP0
¢ P R S
' % Fllggan * . . : >
g '; ¢ = R
a7 . Ul esi g0
L ' E . U?,["_lfr&ﬂis 3 1 Kharazm|
Khurin "‘KU““‘f Industria
s> > | [Afgrin Town
J o ‘. L TS"
Prstyhapabad da - 3 S P
el o ® .
L ] v . ‘-‘ w e i)
Ll . . - . .
WD g T T f1 ;
’ . I 124 2
3 4 . - sU Y
E agh‘ glyas ~ e ™ & s
5 Yt e & 4 *
usefabad ® o ‘Qa'}h Sin”” oYk SR b
sUhaings . A LT L TN
. 3 3
nsaba ’ Shur Qaz
Shamsabad - !
S @aonis ) S0l89.
- Ab.'i. |: Mohammadabad-e
i) 2
§ Kavirdbad = u:[ = e Ol
ER sUILeS . . -
& Hes'a‘.e Bala ; dodds
‘e WLt I‘ < Legend
ERNEE Ulagh 3{0 dabal Qaletpolahd
bl s 8>  .Khdve FRARY
s odl>
. at's I SOM Result
<]
oy X Emamzpdi
KMEF U/ Abdollah = Events
015 3 6 9 2 L allsuc oflyolol
|

Fig. 5. Incident points are shown in black and selected

points for deployment are shown with flags
@‘ohn:‘b&br{ﬁb)‘%‘é‘f@.ﬁb&j&)&@)bbb—aJ.i.z

LSl 5 55 sl e slay 3o 31 (S ol LT s ey
3o s Lol Lol man (LS (gunss glaveals (3500
oml = 0l 5l bl 4 58 (aapss s
L gniggehs 2Uls 5 S350 5 sl le Las LLSOM
Ol 4 $Sly sloptas (g conlis gl B glansls
(2o ol ol s AU L sy g4 slo s s
O Sk S plulia | b b S Wil g e s
lein 55 s e Leaad e Dolm w55 50 kS
15 SOM 2y, 580 sy B S50 O S5 walsl 5 cans o
GbLia 53 abi A ol o 3l i se Lt Sl g 4 Cd

ol Sasl oS wils 55 by, 3ble s daii A 5 6,63

Water and Wastewater

Vol. ,No. , 2025

5.5165
5.5181
5.5611

5.6405

3.9209

3.9102
3.9018

3.8978

5.5462
5.5463
5.5845

5.5926

3.9244

3.9170
3.9128

3.9089

5.5945
5.6169
5.6162

5.6529

5.6319
5.6649
5.7403

5.7256

x 10°

039 w‘iﬁu(lﬁ: 31)

3.9286

3.9264
3.9204

3.9118

()
3.9302

3.9249
3.9172

39117

x 10°

O3 w;u(Z) 3:)
Lflw 6‘—“31”;5.&5‘9 gKA sesls ;}AL}:.[:JQJ:G sl

V¥ Jle.

ool e

>

899



dx.doi.org/10.22093/wwj.2025.544414.3513

wyd Slel s (slaceST il (6 5lwdings

550000

560000
1

56500|0 :

Legend

. SOM_OutPut

3904000

y (No./Area)

T

Fig. 6. Selected algorithm points in incident density

intervals map
03 9ons &y L o2 5 S izt bl ol g0 -7 IS

si).slyrflj

bd\.ﬁab}.&-"u):j_&}bLh@))j‘@qu&u:)s@bu
)ads‘u‘@jﬁixbC«a‘e:ﬁﬁud):\f@ﬂrs‘;
6)_9.\4&))45?&AJS/Q_AQJ\-..DQ-.L:»\J.O)‘PM’»‘J“
sl it U s slo i 53 5oaS] 5 1505
(4_’;‘.3\:» Yy UQ)JFYb 6\:".5‘,’? B 8\3 Ll S I s ashas
5 Sz alis O spen by 5 (58 bl 655l
ol SBliza s smad 5 (A JSC8) OF S e o153 w2

Lu;ﬁde:HwaMwﬁ‘(qJ@)

Water and Wastewater

Gbls so (2Lad Bty op i oS ol gl S
S s el | s
(255 SOM 2, U 51 ol ales SIS 25l sl
Dl g (S, Jold G iy 55 55 e (29,5 Sondse VP
oo eaadllaes s sa ailais mha s S S Sl
(Y Ss) absie gt 5 (F JS5) Dol g (S5 a2 s s
5 02035 (2 3 BLE slass o ity €S58 e sanlie
5 sy s 65l YT 610 5 sl F LY 15 glansl
Sl ol Sl el el (55 o 53 4l 0 5 &) Wl
L &sls oS5 0 it sl (2155 L SOM o, 500

Vol. , No.

, 2025

NS 5 of @

\?'fdl-ws b)lﬁjs 099

\¥



dx.doi.org/10.22093/wwj.2025.544414.3513

S oloal 5 Asoleyd 5550 4l

0 - T T T T
0-1 2-4 5-8 9-14

Selected algorithm points in incident density intervals

|

15-22

Fig. 7. Selected algorithm points in incident density

Sl 15 030 5o S e Bl shass -V JSCt

550000 555000 560000 565000 570000 575000
1 1
wuluw sl
g ulShejs
8 Abbasabad-e -
2 o Qamdash
& e e
2 | Karimabad-e Hamamak
Tehranchi Kala>
o
oailsisb]

Gol Tappeh-ye
Kabir

3925000

3918000

3911000

Yude
bk

QESHLAG-E
SHAMSABAD

3904000

Kavirabad
sUluaS

N

O(e) 1asa 0\,

Shamsabad
S G

fabad
'3

PEFES
sUlgabic

|
TR

et

o (S, ]
sul Julle

3

15 Qaleh Khvajeh
asly aals

fsar Gol
S, Saidabad

Modin Abad

Rostamabad
Ul iy

=

(3)

Sureh
e ar‘
e

Zaval

A -

1 2

o
EPREES
8 Ul allo

Qeshiag

s

| o 2 e 4
hugan

Ul

Shotor Khvar

Jlgriai

Afar
o)

ar Mghtar]
oo s

Legend

. SOM_OutPut

~—— Edge

density_Customer
Customers in SquareKilometer
Jo-a17

[ 218 - 798

[ 797 - 1885

[ 1,688 - 2751

[Jars-as15

Fig. 8. Selected algorithm points in customers density intervals map

S b o) 5 e 4y S S e DU Cad s A S

Water and Wastewater

Vol. ,No. , 2025

VFeF Ul

Q

aJLe:.w 099



dx.doi.org/10.22093/ww;j.2025.544414.3513

ey Sl Jlws (slocwST |l izl (g 5lodig,

Sl 5 i O plin aacs s 51 30 ol Ll 5
slocSt izl gl doe Lol o ) S lagans o
Sty 0l o1l 5 1S o oy (gloszs s sl
Ssams e Rl (S e Cols wsls a8, sl o
S e S sl Bl s Sl s 5,

O Sty 52 Sl ol el Sua L ey ol
SOM oz, 5801 5 (o8 5o (B 5o 2 (im0 (2 55 (53509, sl 5>
oS il gy e sl 5 LS ko ol 1,
53 6 s 4 sls LS img g andy 3 sls €1 gsll
i oMb 5 T Cais 53 SOM S5 3 6 S
B e gsge meS il sy ol o nae g slaal s
Sl 23Sl 5l eslizal s 23 ol G3) sl b S
OLSel g5lwpl 8 5 LagSt el Jomn e i goolgiy
S Lolsil 35 Bl g e sloalalu s 5,53 slo s
b LT shadl s i 28y 5 LS ail s s
s 85| (¢ Sty

g3 ead Eod sl 4B VP Sloslecul U iagsy ol
s Ban U S slaesls (g 5lusslal 51w 5 GIS wlals
Pl sl shaal S oS VE il 51 gy (sl Jons
U5 s SOM e &t o, 580 g3y ol 5o o
S 5 Gl b8l paits B Gss 553k s o
VP 51 m edin 3 gmal S ey ks 48 5 580 (o Lad (glansls
5 oAl salaal Ll sl SloolSa ol yen <352
S Lot &y oy 5 Jebos MATLAB bme s s
A e

S sls s ;5 SOM oz, s 1S 5o
Sl g YL L Lo sne oSV 5 laosly 5o (25 blES oy 2
o3 55 s 5 (s 55 55 €5 YY 610 5 F 6 Y)
2 S PO L) VU s U e gt o trer (S5
2 0 s30 SUls Sl S0l il 5013 (0 0 58
A e 5 (5 ol bl plajee alulis
el Cmar 5 Ssl g 1S SIS o5 4 b

B oo S glesl 5 ol gble i s
rjgf":-'*’. rs‘ﬁ 5 (VU 5ae) Ssls oy S gleasl sl
ol iimalon S Ll (om0 skS 5 Srie MY U i)

Water and Wastewater

VAF LTVA 5 VF U Lio 815 lasl, sSOM 25 5
o)l b S 15 (i ¥ plaS o) e 20 5kS 0 s St
L 215 00 olenin sl Sl (s S ans oo 0l § 55 50
s oloss U s il ol (S8l 5 a8 Cmar
b o o5 (g gm 3l s ol (620 2L bty ol s
s sk o 5 St YYON U VP55 815050 s
SN ESINT S 2V EL 7 ISR -
YL o515 5 i 55T Lbaes oy ol S i ls 13
w55 S 0 aST Gl sl ol s e

3348 e Cmar S (558l s 20 3350 SOM
Sl relin Gillas OISG 5 DT S llas o5l sbasls
xS

Sas oo Lis Lol god 5 Laaiis o (S, 5 bas

L o2 155 o Polame 00555 SOM o, Sl gl 25,5
S WS L sy gl Comer 5 sl (YL ST
L el Cenl 5 Sllas L5l (S5 b il S715
Il e 53 5 3l 581 s (alaal 2815 oo 2alS oSGl
Son LS dlold S by, 5 il bl 2y
S a3,

Selected algorithm points in Customers density intervals

3

2

| I

0 T T T T |

0-214 218-796  797-1665 1666-2751 2752-4615

Fig. 9. Selected algorithm points in customers density
interval

u:SM VS‘): dkbujl{): ST 5393 Ll slasy -4 ‘&.«a"

S rSaoms -§
SV e ) 5 glachd 51 (S ol e el sy ods
Sl ot 5 2l YL (S5 gl a8 55558

33l STt il e it 3 1235 53 o S e s

Vol. ,No. , 2025

\f“"dl..u :)La.i}. 099 .

\#



dx.doi.org/10.22093/ww;j.2025.544414.3513

S5 olaal 5 hisole b (5550 el

0L GIS s a5 slaesls s Bl man 5L r.pa\J.‘a
uw‘ J.«.o_:»}b (5Lbu.2_9))‘ sxlaul U'.’.‘J"L" ﬁbﬁx&w}
ol bLE s slsas a5 e Hierarchical Clustering
Saeatly 5 Saeploe 6240l gl 5035 i Bl

Aed Sewlie

e -0

SBT3l 5395 ls5058 5 ulw C3ln syl 08t 5
Jds il e 285 ST 5 a5 pnin st i
s o 5l ml e GIS 25w 5l s gime 5 Jbo sl
3 Lo lazal s Eol 315 53 o dana S5 BT 5l s
s a8 e n onl IS anl b 5s aied 5l glas, slin
'-’J»T@ Josts

References

15 65 LnesS) ol s 5505 315 455 o o alllan 3,50
s sl SOM o5 & lewy a8 0 50 (65 5850
S 18 5 0aS) 5y 5 amez oS bl 4 el

GL"\ euabs a8 sls olas SR O"l‘ @L‘:_v bu_lsjj_l:u.:
Sl Frman Sss e 8 G2 SLl g ey
slacS il ang Joe s 5 golael 281y oloy 2alS
33 LaasST il sl o gy Sl OB 5 O Slkee
Sl s e 18 o se v S (galenien (sloond s
b J bl malS s Sl

Sy s bui-b}j_j:&_:“ 6Lm¢,.‘p}.x_>m uiJJrP )“L;Q_
g 3laas uﬁ&\j&_c\.gd:x O mie Eoslg> 4 by e sesls
el Skl 5 8 2l iy 5 (Bl ki gel p 3
&‘\JJ“JL“LS")Jﬁr_”‘L"jH Lﬁc:\:w‘&bg}é‘..&id.&:
‘) l_m,_:f\ .bj_’}l__»‘ﬁ. L;Ik_:.lksn UKA‘}&M@)’ By wals

Ahmed, B. and Forte, R., 2016. Landslide risk zoning applying Kohonen’s self-organizing map neural network
technique. Paper Presented at the 1% Bangladesh Planning Research Conference (BPRC), Department of Urban and
Regional Planning, Jahangirnagar University, Dhaka, Bangladesh. https://doi.org/10.13140/RG.2.1.2748.7766/1.

Bozorgmehr, M., 2021. Location of emergency service centers of provincial gas distribution companies (case study:
North Khorasan Gas Company — Bojnord City). MSc. Thesis, Eshragh Institute of Higher Education, Bojnord, Iran.

(In Persian). [Link]

Cottrell, M. and Verleysen, M., 2006. Advances in self-organizing maps. Neural Networks, 19(6-7), 721-722.

https://doi.org/10.1016/j.neunet.2006.05.011.

Davoudi, R., Dehghanian, F. and Pirayesh, M., 2014. Location of emergency service vehicles for maximizing expected
coverage. Proceedings of the 10" International Conference on Industrial Engineering, Tehran, Iran. (In Persian).

[Link]

Gong, X., Liang, J., Zeng, Y., Meng, F., Fong, S. and Yang, L., 2022. A Hierarchical Multi-Objective Programming
Approach to Planning Locations for Macro and Micro Fire Stations, In Neri, F., Du, K. L., Varadarajan, V. K,,
Angel-Antonio, S. B. and Jiang, Z. eds. Computer and Communication Engineering (CCCE 2022). Cham: Springer,
Communications in Computer and Information Science, pp.1630. https://doi.org/10.1007/978-3-031-17422-3_16.

Huang, F., Yin, K., Huang, J., Gui, L. and Wang, P., 2017. Landslide susceptibility mapping based on self-organizing-

map network and extreme learning
https://doi.org/10.1016/j.engge0.2017.04.013.

machine.

Engineering Geology, 223, 11-22.

Kohonen, T., 2001. Self-Organizing Maps. 3" Ed. Springer Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-

56927-2.

Water and Wastewater

Vol. , No. ,2025

VEF Ul asls oy B

29

(4


https://doi.org/10.13140/RG.2.1.2748.7766/1
https://irantypist.com/media/new_research/samplefile/1637006127_7099.pdf
https://doi.org/10.1016/j.neunet.2006.05.011
https://civilica.com/doc/283938/
https://doi.org/10.1007/978-3-031-17422-3_16
https://doi.org/10.1016/j.enggeo.2017.04.013
https://doi.org/10.1007/978-3-642-56927-2
https://doi.org/10.1007/978-3-642-56927-2

dx.doi.org/10.22093/wwj.2025.544414.3513 OfKan 5 gt ol e .
|

Negnevitsky, M., Voropai, N., Kurbatsky, V. and Tomin, N., 2013. Development of an intelligent system for preventing
large-scale emergencies in power systems. In: Power and Energy Society General Meeting (PES), IEEE, Vancouver,
BC, Canada. https://doi.org/10.1109/PESMG.2013.6672099.

Nikoo, M. R. and Mahjouri, N., 2013. Water quality zoning using probabilistic support vector machines and self-
organizing maps. Water Resources Management, 27(7), 2577-2594. https://doi.org/10.1007/s11269-013-0304-5.
Panasetsky, D. and Tomin, N., 2010. Using of neural network technology and multi-agent systems to preventing large-
scale emergencies in electric power systems. In: IEEE Conference Proceedings.

https://doi.org/10.1109/I'YCE.2013.6604142.

Smirnov, A. V., Levashova, T., Krizhanovsky, A., Shilov, N. and Kashevnik, A., 2009. Self-organizing resource
network for traffic accident response. In: IEEE Conference Proceedings, Sweden. [Link]

Sokhansefat, G., Delavar, M. R., Nadi, S. and Khamespanah, F., 2011. Risk assessment in urban planning for disaster
management using Kohonen self-organizing feature map neural network, In Proceedings of the ISPRS International
Workshop on Geospatial Information for Disaster Management (Gi4DM), Tehran, Iran. [Link]

Wu, Z., Xue, W., Xu, H., Yan, D., Wang, H. and Qi, W., 2022. Urban flood risk assessment in Zhengzhou, China,
based on a D-number-improved analytic hierarchy process and a self-organizing map algorithm, Remote Sensing,
14(19), 4777. https://doi.org/10.3390/rs14194777.

Yu, Z., Sohail, A., Nofal, T. A. and Tavares, J. M. R. S., 2022. Explainability of neural network clustering in
interpreting the COVID-19 emergency data. Journal of Biological Systems, 30(5), 2240122.
https://doi.org/10.1142/S0218348X22401223.

Zare, M., 2021. Water crisis in Varamin plain, Shargh Daily. (In Persian). [Link]

Water and Wastewater oML 5 O O
N

Vol. ,No. , 2025 ALK 8| RS PO PR ST


https://doi.org/10.1109/PESMG.2013.6672099
https://doi.org/10.1007/s11269-013-0304-5
https://doi.org/10.1109/IYCE.2013.6604142
https://www.researchgate.net/publication/228852124_Self-organizing_resource_network_for_traffic_accident_response
https://www.isprs.org/proceedings/2011/Gi4DM/PDF/OP04.pdf
https://doi.org/10.3390/rs14194777
https://doi.org/10.1142/S0218348X22401223
https://www.sharghdaily.com/fa/tiny/news-836854

