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Urban floods are among the most significant environmental, social, and
economic natural hazards in urban watersheds. This research aims to explore
the feasibility of utilizing cutting-edge Internet of Things (loT) and Virtual
Reality (VR) technologies for designing smart urban flood warning systems.
Using a descriptive-analytical approach based on previous studies and library
resources, this research analyzes the concept of urban flooding, flood warning
systems, and the impact of loT and VR on flood control. Flood warning
systems play a crucial role in predicting and managing urban floods. 10T is

employed for collecting, processing, and analysing large-scale environmental
data and sharing the obtained information with other systems in a cloud-based
shared environment. VR can be used to materialize scenarios and simulate
them to find optimal solutions. The results of this research indicate that the use
of these technologies leads to increased prediction accuracy, reduced response
time during crises and lower costsduring urban floods.
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Introduction

Floods are consistently among the most dangerous and serious natural threats to humans, causing
significant economic, social, and infrastructural. The ability to predict and control floods is now of
paramount importance. Urban flooding occurs when the capacity of both natural and drainage systems
is insufficient to handle rainfall and runoff volume in an urban area. The advancements in technology
and artificial intelligence now allow for accurate predictions at various levels of natural disaster
control, including floods, leveraging the rapid learning and analytical capabilities of these
technologies. Using smart technologies for disaster prevention and early warnings is a recent trend,
rapidly advancing due to increased information availability and the combination of artificial
intelligence, big data, and the Internet of Things. Flood detection and warning systems are vital for
predicting flood-prone areas.

The metaverse is a digital world allowing for the realistic depiction of physical-world phenomena
in a virtual environment. Virtual Reality (VR), a promising tool in various research areas, is
increasingly utilized. However, the integration of 10T and metaverse VR in flood warning systems has
been limited. This research goal is to provide a smart, integrated framework using modern
technologies like 10T and the metaverse's VR to design and build flood warning systems.
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Methodology

Because 10T systems exchange significantly more data than traditional user-device interactions, they
generate a large volume of data. Sharing this I0T data in a cloud environment enables extensive data
analysis to support future decision-making. The large volume and diversity of shared data improve the
accuracy of predictions in similar situations. loT-based flood warning systems comprise multiple
layers for data acquisition and transmission. A sensor layer uses highly sensitive sensors to collect
environmental data. This massive data volume is then transmitted to a cloud environment using
wireless networks and 10T. Once in the cloud, advanced Al algorithms analyze the data, identifying
and extracting theoretical characteristics of water flow energy. Emerging technologies like Virtual
Reality (VR) therefore greatly facilitate the design of warning systems.VR create a realistic
experience, a virtual environment closely mirroring the real-world. By placing individuals in
simulated high-risk situations, their reactions are evaluated. Repeating this process improves decision-
making skills, allowing the lessons learned to be used to train others and further enhance the virtual
environment.

Conclusion

This research clearly demonstrates that combining 10T and VR technologies creates an innovative and
efficient model for designing urban flood warning systems. This not only reduces response times and
improves flood prediction but also enhances public awareness and preparedness. 10T can be used to
collect, evaluate, and analyze large-scale data from specialized environmental sensors. VR's ability to
create realistic simulations is beneficial for training citizens and emergency personnel, improving their
ability to remain calm and effectively manage situations. This prepares decision-makers for various
scenarios, preventing unforeseen events and mitigating the element of surprise. With prior preparation
and appropriate measures, damage from destructive climate events is reduced, citizens' lives return to
normal life and significant savings are achieved in terms of lost capital and expenses. Therefore, using
VR and 10T in flood warning systems offers significant social and economic advantages. In general,
employing intelligent systems for managing natural phenomena is crucial, transforming recorded
observations into modern technologies applicable to disaster-prone areas.


https://www.judpm.ir/?lang=en

& el &

G = i
‘5)‘:\./&:&@

https://judpmi.ir :a yis <ol

¥ AY-FOFF 1 g Sl LLs

0

Qe il
T
nishS

G260 W JIia bl (213D joliio 4 10T-VR wiedigd 92 5l &1 4!

T lin g8 g bal doso |3y (wolbs cytal

ramtintavosirad @Ut.ac.ir :asbll, .ol ) ¢l a6 ol ¢ rub bt 8IS  GliwnngS 9 Suis blio (gll gudigo 09,5 etdy] wlid ) (gommtils )
ansari.ghojghar@UE.ac.ir :ebbly .ol pl iS¢l phs olRaisls ¢ nulo qolio BuSES ¢ SliwdsS 5 St 3blio (sln] wiige 09,5 ¢;baliusl ¢ Jofuno Bl g5 .Y

ol

. 4

Jlio SNt

b gl o oolaiil g elatal (oo (mb bl o iete |6 sloodw
S okl jgys 5 wliiadgn sl )Sal) Il (e (b &)Ly Cupde 5 oy sl e
bl sedaie 4o c(gjlne Cudly 5 Ll Coyil (ng slacs sl (oS4 oSl Baa b iagdy o]
Oy Slalllas jloslai il Ly cpsls imgsy 53 0 plomil (650 CMw Siadgn jlia (sladilols
M s glaailobs (s 2 Mo porie (o - (ol (o) 4 IS glie 5 0sdplox]
Jocin bbb anl 3,5 518 o 390 O By S8 0 (Siloe Canely 5 Ludl ol il
ssbaie an Ll eyl S (e Wil ) cage (A5 (63868 Dl e 5 (St sl Dl
Shsl b ) oselcanda leMbl ()15 msl g oo (M slaodls Julos ¢ 5515 (69l ze
Silwtnd 5 gl & iducuis plaie 4 lF e ilome Cusdly g 05 000 ladillo plo L ()
2,5 0dlatl gy s ilyy 5 JolS' (Solel 5 oo (53l yo (sl dinge sl Sal, (28 (4l o]
3 3gme e GEAS L r g 85 T3 & s slis (ol 5 odlizal oy ol gy ol gl
LS SO wilgi e imgly ol el o (s34 M £98g plin laaize ials g ol S8 4l
Olpbd el piomed g (b LI £9-3 pLSGR (0 (sLdd iadgn Copde a5 ok

D9 prie M yulad (> clrosly

Wl £g
B3

rallie sgy,b

AR VARYA LI PR T
VYNV 16,5050 &,U
VEEVNY 2y U
NSRS PRy

05lg0s’

ol ¢ i)
ol e
@by Co e

S jlome Casdly

o iSewlw (5 pps ww _)\m S;Uzsc\chL.: L?\)Jo sobaie & [0T-VR siaiisr gz jls &)l (VF+F) doses o lingd (gjlail g (pialy oy gl slow!

DOI: http//doi.org/10.22034/judpm.2025.517126.1033

YEO-YYY (V)Y o g e puitr

iz g8 (g lail dases oy gl oy, ©
DOI: http//doi.org/10.22034/judpm.2025.517126.1033 BY NG



https://judpmi.ir/
https://doi.org/10.22034/judpm.2025.517126.1033
https://doi.org/10.22034/judpm.2025.517126.1033
https://doi.org/10.22034/judpm.2025.517126.1033
https://doi.org/10.22034/judpm.2025.517126.1033

VER X 8youd Y 690 oo e b pudeny (515l rrr

A0dio
£sby oo SIS 5 ol (slossly I (S & dose Il bp sl sSlge ol S e gy LI L
Sl 5l (80 0y el goBy Jlad )3 485 3)ble Gl e e il 3 3980 (Sapin & 8 4 sl O
ULJLw u;L’ 9 09 L&su‘.ma‘ LS')’ u’.:,u.b dl.b)a,\.ea PP 9 u)).:;fl))b £y °)‘9°‘° s oM [\] Aold u.)‘}!teu]
oM (e [Y] .\;.LfL;o J)‘9 u.iL.u’l @I% L (A ‘_,Ll.e L;LQQ)L.\;& ‘L;.'SL»)..{)’ 9 u_cLo.o‘ ‘dbtaié‘ Rey) )‘| PVRALY
@ AVl Mo 5 80 o )lud csylol o515 Bk [Y] 55l Slold jlas 5l b b o 0 |y Jsl 45,
S weldl s 5 Sl ialesS )15 o3k Cumal M S8 5 (mpin U5 0950l {F] a0 ;Y5 a3 lle
Sy cpiomon [O] Conl 0ads Lo yuolyws 3 (695 slotsly 9 oSl oms cel witun p31 laany sl @l o 55,5
9 b s 9 0 Cd)b o5 wBle B Sloj (b DM [F] 29d e xted 2 g D (PP 4 oL
> 4l (Sl 5l (86 Vb (e QUly) a8l (s e ddlaie Sy 55 SUlgy g Bk e GGl IS (LS
s 58,5 a5 50 byl ¢ e 4 Y] 395 o0 (63t s 105 ey VU Slaiblos w515 g »lidgis sl
2 s a5 dunyiom 55 4 9 )1 (slofg Cuenl ame Sl 05 (£S5l S sl lus el 929 4 ]
[8] 298 gy 03y 5 ot Al Sy g0 & il oy () Sk S e (59pm o Ll 3l Lol g5t s
IY] ol O b ablio (glp 31,81 Solel 5 o i coMw 3 plp 53 (ol &iej > wpe Olegge 5l S
oo 45 At dzlge (6 oy EMSo b ctigdd o o3litisl Has o )3yl Jlo 5 4 ol el 5T wlinlie
Ll plas o Jgoxo (slo > ol wgdeds 3,8 o,lsl o gl o (slbimisins (ol o 3 o b omed (63 )90 &
3 sl (Sas (s yd b )3 bt jo &S S 3 wipS o 3 Gpdial 1 SluSs e b 1) o Aol
axols slae] gl5)) pslaie 4y 3485 slosiie 1)V] Cosl 00d ol (o g o clu) o)kl cloogesd ;) odlisol |y Laid
Coydy 9 )0 & 4298 b wjgpel imd (L ]y p3Y Gl (gl olaia Ly pllin &S (5yob 4 @S e bl
e ot Sl 5 9 6350k €508 ) oaliel b b ool Jas 4y ol egiias Sign g Waisygld 095859,
5 oobiad VY] ol Comd O dlos 3l b b S Gilisee pobaw 3 58> slaiiie 4 dagsyglis
L}i‘ Cd i Y] el ),o‘ sl L gy S 4¢J9| sl e 9 LM 5l S S Lo dl).g Ladigh (sla gyl
O o3l e gian (ben 3l (oS 5 i 5 SleMb] il g b g 48,5 (6oL sl ol 3] Sl )3 L yglid
SBCSASs ol )R (pizeed 5 03,5 i Sybe <3 b 1y (ad e slaosay 305 1y Jeusly ol Lsl eyl
e Sl i 2 S B O J1n 5 ol (Sl (V] 055 o oy |y o o sl 68y
els [30] 155 o iyl bl o STs g (s llas] _amdgiunly eloisly 4 Saly 3y 51t celaply Loyl 5 o
WolS @pgo 1 1y i glid sboosty b ol o bl LUlg b 4 o5 canl Jlisws s 6 7o pslio
O @hSen b & cul Jlmmd § (58 (gibre bame din b S5 uglie Lm0 (ilme bae S o L] S A8
cilize Clapd 4 ilie clajls Ly |y (38 5 (gilre (slid e pglio (SLad Db 0 5028 g (Sasy9ld 9 <oy
059> (pAly S (oo Mg (gt 3) S9)059)  Sladod il (glaaiie] )0 0aiS el g dbe (gl plgie 4 (gilome

1. Artificial Intelligence
2. Internet Of Things

3. Metaverse

4. Augmented Reality
5. Virtual Reality



sloodls S5 g (5yslaen slp oyt iyl 3 e slacd i [W] Sy oy o Jawiliy 51 gloail3é sk o
B0y bis g cov deliy S a1y Gledbl cpl lgi o a5 3yl 0 D539 4 Sl polad 5 lialine b el
DAL 32 byl 4laig el b 5954 Cygo 4 1y ledbl cpl 5 08° Sbj)l g &yl 1) G il ylas

e Hladn salelo ) (gilre Cusbly (cwpglio (Lad 5 Ledl oyl slags)sld pleal b Sebool wlllas )
b ol il slaols il sy ol el g2 slaosy 1S Sl 55 o5 bl 51 gy Sy
Sy cwl oids (ol ddllas sl odsdy 465 pl ) LSS Copie glp phe Slogile I Gladia claailolu
SaS ((Suiglgrn oy L)l Copde (giludiader 4 wyglie (slad g Ldl oyl (6)5l8 3L L Loyl
CosBly 9 Ldl Coyiol Gomen (ngh slacs)gld Sl (il 5 diedon (asmle Bl hagh cpl jl Ban adl 038 SLLS
el M s Slgatangr 3L 5 ko ssliio & ogglis Cuabs (5 jono

S0 8 9 8900 219 90 O (St Cuod] g w0 g0

9 b el bacdlop 4 ob) sl ojls dloys & wtas ) 3 b @b o e | oM
a3 53litol 5 pasli] s chaoms s (5350551 3 yusiS e pimediid 9 o] (slacalled Ltlsdl S oo 5y s
polie g (i sl a7 (Sloj [¥] canl 0 (10 (2l > Mo 589 (gl g b Gl el (e il ]
cel & b Gl eojns Sl e wundy nl 3 dsdiee e o) bl 4 S o 36 ey J3D 4,
g o odssy O Lasgs Vgano oS 1y (olio atos ysb 4 o coMhow plSia [18] 955 oo (3005 oo )3 e Sl
el & @b S D80 Sl Gcdlop) o @5l o) (B Om Jl cage @ ) 5 Sldg e
S99 4 [A] 39800 i g S e g laisilow £9md )lge (5 53 g (3Ll slacled ) P ¢ Sludl slacunes
o2 4 g ye 95 po ¢ ooloin] 5318 CYMB] el D93 4 el ¢ gome (sliaw] p 0gde (g y0d (glab 1> O kel
WS (o laizgd |y (60 gLdd > OV e g ploj (it Cuedl Eodge (red 9 g0 )9S (elainl pla (13,55
Copde G5 Jrw b by olatdl (glal; ©ad Casl Jrw Copte sul (sloase e wpe slo Sy 3l (K
NS o g |y ody cpl ot dagl o st by, 352 5 cilisee Jelse (63,86 A8 e ity 1) O s
S5 ile e oo ool CMew (dmpie Sl (i e g i lagby) I nsds ) [A]
S e (Sl & O b 55 Cilisee (slaygtS 53 ol el 3o yioS M sty )3 Ygane
@ 5L oM Sy oo 5 (So5elgshn (il Jhe (gaol KU b ailie jglate dy .l ot i wilos,S (gjlwesly |,
Ssygkd 21 g2 Ll oyl 5 opdle 650k bl e slas )l Sl edliul (SKgSe diej > (g yude Clikos
D] Gl et (i oM dlo | ombo b glsl 51 (32 Sl lS 5 ol e 3 Al e (g

s yliridr sl ilolu
e 5 4 el Sl 3 Do g5 ool 5 3131 agets (AT Do Jaia sloalols Eonl L5 ot
ol (Mo G 5 g8y loj g5y Jlo] i sl Wlgoe SNl ol it xnb (Db ol g8y s
Sl Jlasl 80id)ly glac)lud U L9 oo allan jlad g98g I lin (slapiums Aoy 4 31,3 5 baglejl 298
Jelds O jlaie (glavgius aimd plodl 1) 568 dadsg (el 955 4 B a5l (Lol (lin] OV jliin (glapius dus
Ml 5l el dbgiye Jolge 4 jlaia jLinl 5 gy Jb > oM plulid (lp aladg) g 23 wliees
Vo109 @85 Jloinl wljlad 59 |2l 0w 585 plSim 5 8 bk )LSG Aol G jlain

9 (bl w5 A2 (LS 363 I (6350 3o b 2505 S5 bt 5| 0w Jlais (ladilolis s
9 15 Je bl s (jlre oo B30 Sl (03 o w2 g8y (o) lul gwyp dirby Jow g5 mitn
g ) Col Jlosge adlaio o 53 1) baply Hlisl olads gl a3 e sl ) O jlad g jlas 5l gunant



VER X 8youd Y 690 oo e b pudeny (515l rrs

Slye pilojles g Jow Jyi8 sloojlos 51 6yl3 0,00 9 (ol e 989 5| 8 1S i Bblie Cge 55 (sl as] 28Ty
sble )55l (05w Sl g g gume dibsg «Muw plodl 5l Ly COLL w5 LS o (o 1) (Slu ) S8
G&)BAT dllbdwl;).: 55‘)‘ g.,&l: dw»%g cw);J.A W)J) ..))‘.) o.xe(c &L 1) LQU)L» ‘_s.:l:))‘ 9 l.buwj)w u.b‘.))f): co..\wdu.bo
IV ] 500 ol (g3l sl Bygile 5 i o3 ()15 i (290 5 (5)0SS paye (2T s (120 Yl (5l

WM S 390 9 T i g w 9lio

h ol o5 4 g ditg llae O (2255 )38 51 58 oo bl (Sl el amd o L5 oabplonl sl g 2 @l
op) ol €5l gbod > OBl b > wyelie [NA] W)l o] Clge 4 pa g cdél e ppen 4 1055 o pSCuwd
S e B a8 ¢ popslie A8 oS 5 | Jliomd 9 (Kb lid cgiman S 1 51E cunl B e b Gl
@l Gl SHp Rl g bty (LIS alepw (BuS Bpae drg g 03,8 by (b Cuenl 9T g (oI5l porie
S0y sl (bse |y pawlid o (Wle b a5 oo dy00 0 1) 018l plad jeunad wysbio [YV] Cawl 03,8 (> 245
S bais g a3l S ujglie a5 sl (gyglol (LS Lol i g (005 0 B el S (3,87 5185 b3 (SigSx
Slo e ojglie ol oy Sy plgis 4 sl e (gl sl gl )RSy 4 bl sl Il (957 Jate (sl
e gLad G Lad opl O dyoe HlaS a3 o )l 03938 Cunadly g (gilome CuBly (6)5l8 olul o |y (G
VY] ool bl 3 (sjlome

(VR) ik Cudly

Aoy & 1) (58 gbid Slilge j> endadl (gilre (lid & ol Jluomd Mels’ b G gjlre Cusdly ()9l
Lab ) )3 a0 (silome sbudl 5l g 0ad Lad > 5,8 Lol yob o |y ol b ams o ol ()8 4 ol (sla 3
S pide e Lab Gl S pide e il Wl (gilre lalaze CLI 65y cule) Ay 4 ol ) S oolil
Oygpo SLbl gilre ledl )yt (e 5 b)) )ldn Glp Gibre lisee oIl Sl eslinal (lojon g
(b pazmen (hal G ) wre Gl Ol 4 & Cal Gg g g Sugld silre Cudbly V] 2,5
okl il Candly )3 iludre cnl 2 ogMe Cusl ol AL g A3 sl ¢ pyil b il ctine
Al gloody & (pidutuis  ibre Cunbly JLIVT] cusl i g wd (Al o)l ) 5o 9 Simmb
L agalse plKin 1) 393 Solol b a0 S8 blio ol 3 pols 23l & aubs (slaonssy ciducaie g o o3l
Sl el 0938039, ey Jb 3 cilize mlio 3 (gjbre Cuably 5,8 Y] 2gdd fSBLE 5 2y Y b gL
3,8 ealil glomgcl (glolsnle (gla oty 1 lgmgc] Cumdy (tales sl (gilme Candly | o )en 5 oo o Jlie
Sibre Cusbly (6)9l8 2,8 (gl nl 3 MBS 00 395 pwdine @l Llaled sl 6yglE ul I OSKen g gl
@ 09)5 Su @l dulio sl slge ddllae 93 53 &S (5psb 4 b plxl Sl wdine > @ (e O ol
bl 1y (o5l Je (sibre cusdly 5l ookl b pos 09,8 5 0303 plil |y 365 (gjlw Jie CAD' Jjdlay 13 5 iwd &g
Sy el op olee a2 STl (LS Zadga 1) (ilme CumBly ()9l JIS Cgru gy oo oo el guls 5ol
ol Mol (giloie Jolie )3 cutSil gl Ul pie b QS s Jho i @y o €83 2508 (Jlie
Jids (Ul cadlas ol e don ol mal 5 o BB (5)5k3 () (35 95 SIS 4 o WSl (il e 5 031
o o e g (9l crb s b dazlge ;3 [YF] ad plonl fralcudbye 4 3 daly 5 (shnds plucl 4 b J1a
21yl (2lb 1) (silme koo (g3 & 02 (2l (S5m0 il p0 nped Cae 3 (il Syl oolitl |
s Syl S SLETE 05,87 (b 0)85)ee 53k o o3 5 ooy (izmen [YV] Ao 5118 LISl &0 S
IYA] 33k o5 (mlo (e (0l L dalgo

1. Computer-aided design



rrv iz 98 g yLail g o1y owalb | (5 ped Mo fitiist sloailolis >yl yaliio 410T-VR diaigs sz lo &,/

[V] sibre Casbly baymo s sabaidlo powi Y JSM

(Internet Of Things) Ll & you
3 @YU a5l laolSiws 9 o))l oy SO 4 Cans (gyiin (slaodls Jols Lusl i i) (slapiunw oS Lol
ois] Glogonas I coles 4 ool 3bj oo ¢ oyl Laeo p3 Ll oyl glooals (6 I8 ST sl b 598 o agi Lnodls
2 Dgui oo dldio byl (0 b dw i B Lil38l el calisee glaodly (6lA5 S il g baodly ol o S 0 SS
His b Lol 6 i) sty 15 S o b SL0 SO 1) Sless &l g baodly copte wdld 3L v (Jb e
Juds 50 oaly (4I5S bl Ll gaiio Bl mlie 51 LU &S D)l |y 05 old 5 Sles Lol g 03ls 5 ¢ glosls
add 1y by lojl  LolKuws plo b (o)l STl yol cpl g 0)b ol & 1) Sl 1S Calisee Slalas g s jlaslil
wlad @ Jlail 15 ciiun Ll <o il 4 dialy (bolSiwd 3)50 10 b SIS 500 1 56 <y 5 gy whie il 0

VAT Al ansls ol yem a4y Waosly o315y (sl (0L slaais o Slgs o STyl

b e Vi A

ey o e e P e e

W
Weather Station
(8)

SNIFFER

[+ ] Ll i) s 6l (ssb 4y by Uil (slmodls .Y JSud

1. Cloud



VEF Y 8Lt (¥ 6,99 s iy () IiStislew rra

Py N slaoals ailgr o Ll Coyisl & uate (slasy5ld 5 olKuws il odds aswine ¥ S5 53 &S job jlan
ool o Syt gpl bzme S ]y b obj)l g osls 4 bgype SleMbl 5 w8 (5 Sojlul 5 ©)llas (H8ly (o
solisy ilwandds (glp 1) gyl sla iy oy (pl Dgd Jite Wl fate v & Ll ¢yl 5l eolatwl b &5 S0
DA] Lot pguad p siino (godly (M glaodly I duo 3 Av dgus aimd o &)l S5 (S slapiunw ) (oM
Sl ol slaolKiws ((glailBog, (sl o ygd Aile (o)bw slaolKiws ¢ Ll cois) sl S 3ok | Al o &S
g ol oo 2 )3 503D Jiie il oo bodls ol s ipd Spslanr Iomgol (2hd) Slapins 5 g Jo>
b boe Gldlas o SleMbl as) 1 8 b w8 o W Ll o pi) laolKiws 5 b ySus a5 slaodly YL o>
Ngd o 3y ilisee (slacuoyd 4y cdel laodly oyl a8 el 5l bl b g (5j1p 035 53 oliul 3y90 oMo
b cgibonyllinl bl laosls s (b 1y als o cpaix doodly (59) (o g95 10 S S L G031 5l 8 Rl ol
B Canpd o A8l 5l O it ladie b Cuepd cpl & (5yob 4 igd A IS e p S
5 Blal elaedly a8 oy il o i B B 09 yild Cgllasl b con B o 6,55 8300 5o p 35 03D 0 A
DY) 05 5 e CMw b Lagpe (slaodly dsgammo b dgas pleal ,Sd milio

i Discharge
[ Database I 1
1 1 |
[Tempers| [Precipitat] | Water

ture data| | jon data | |level data

w
=}

CPU 1

—
]
HEEREER

3

Foracasting inlst
discharga to the flooding 150
zons using WANN

1 r{220]
Adapting the output of 230
e
Flood navigation time 320 e O Y W W
1 450 b " i e
Appropriste flow ﬁ

dizcharge maszazs and
arrival time to each phasa

0

E

o

2

1 330 b
Sending maszags to users 350 |:I P}‘.aunumb! ?

of 2ach phass U == ]| eeecee - Normasl massaza

5
_____ T

V] Ll oyl yian 50 ©Muw it (cladilols 3,Sles 8450 Y JSKWd




rrq iz 98 g yLail g o1y owalb | (5 ped Mo fitiist sloailolis >yl yaliio 410T-VR diaigs sz lo &,/

SREL 5 i Hlomr S )L 5l ol el g 5505 (o0b) Glacglds (b Mo b duslile ) (608 M g5
B g Elogl jusi Cmpur (B S5l o0 dlge JSutia b Byl Sl (il )3 Jgene slagsilore ol oyl Il
sl 3 3590 slwodls 5ia8 > 4 ( Byl 5l gl (b (slaase S b Sl 4 il slase 0 i)l
s oeiitons il (laptacs I 6 0d SlaMow g8y 5| S5l (slp o 9 o0 dogi damihe 9 ile e
dod aile oo (laodly ¢ wled e g (awlod (sl s dliwg 4 odimd )i (lpiwaw & JSb 4 ax g5 b dgu ool
a8 laodlsy S o Jitie syl sbad 4 g 03,8 @by ol (glad 3 b pmej w5 5l Ly e g ol el (SHL
@Apll (gl 3l dlsg & g od s Jitie Jilowiga 8 Cund 4 ik ($glaen (sl (sLab > cilies (sl jgutes
9,5 5o ol M et 5 45 o i 1y Ol AU jlre L 5 ol ey Gloj i ) Ol 455 e
Sl s i g ol Slasls 4 degi b b 358 o ok ddllas 3,50 bl 4 0156 5lgar Sl s
Fo 3 383 Yl saim il g (Hl3 Blele Sy ALk Sl (Sl Ghagg 53 md pbxl O S8 sl ) p5Y
b oAl gl 6551 ks & sl ond (b (G558 4 (ool (59l b oledgy ol dmwgi g Ll oyl (g )slid
CB B o3)S s (6550 yob ]y Glals g Sllses dmgpags dapludl o |y ooy 3)90 diaie Jelge g 28 olulid
b iei) Slusl g )i 5 wamdimly (Ply sted o Sl dlies ol 8 Ly Gl dnslxe
sy 0 9 cual B ol aiBly dmungd Ll o il p sy G lais dy (659l pl )l (o)l el saznn slalae
CelB9> (silre Jao 3l codimd i g Gl Slobe I edelcwnay gl il (sly osbol imgh ;5 A8 Jupws |y ]
LV] 4 plosl |y dsucuie diby b Coul 00 035 0500 | Jlized

Solar Panel

Solar Charge

/ Controller

Data

LoRa
o —e] I"""“" Processor

Lithium / 2
Battery
Variable
Water \ water
Detection . level
Sensor . | sensor

o

[9Y] oMo it slotilolus b0 S5 (sl £ S5

LY 0gd oo adle OleMbl Jsl g ol jolaie 4y Y paia bl ol p die Jaw baad,laie JriE TS
9 P g L;Lbd.i.}ﬁé )'1 odlawl b U .J.J.fu.,o Qéli)a ‘) U\a&u L;Lbo.)b cwluo\) )lw L;lsb)i,o )" odlawl b ‘Lg)i.o
hoslaiwl b oyl e 4y CledMbl dgy9 51 oy D9 0 Jie (gp) lazee 4 bodly I eudae oz Lodl ol

1. Digital Twin



VP F ¥ 5 ylos ¥ 5330 cogresd et (6 MlSaslns re.

5 2lolid Ol by @55l ol GlaShy 5 oad Jdodig s eadd)ly Cledbl (egimn Shgn &byt lapi, ¢S]
[YY] 296 o0 gyl

o 2UsS oloj o |y cledbl I edae woes JUal SUlg bl <oyl 5l ool b O Hlde (clagiuw
Sl e il Cusbly slaailols jliins oo 1) p3¥ jlada (LS )8y 4 GMew g8 (el 50 )3 a3 o
g Ll ool baly g 00,8 Ty Jlasl solyas a5 olab s &gy 20,8 eolatwl 5l y3l g )l & (g5l Jde zobs ool olis
D] canl (55958 (5 yol dvgilo Jdo 3885 5 odld pusns JWSl (gl diiud (g5lxe cuxdly

e sladiboly 33 5 3lxo Cusdly 959
s59n lygiand LT 45 g dngio 3,31 48 ino ol &0 sl (658 35 o Jilge 51 oo oyl oylS ot (sl
1y 38l Glgies [ sl lada laaills ) cow Glegdge jl (S ()l3) s L g o0 JLod jladn ply
4 hoyd S5 plgiees oty (glad Liog g aslidisy @555 b comizman b )15 ey (glacuadse ol o adly yobo
2 Hgpew ol (gibre Caly aile Horbgi (clacgyglid s ) i3S yls pla 1) canlio sl B 5,87 Jatie 31
Dy (6oL Hlws sl )5 ¢ b cdles 4 basye (sl jimot 3 (g5lxe Cusbly [YY] Bgd o Hliin sladilels sl
@ 3959 ly ol 0ad o)Ll jlade clapiugw > (Gilre Cusbly 2l (SSe 4 o )Sen g uglamel Lieo
ol (s (Sl )Sus g Cundn ogaste gla)iS el (gilre Cusbly (ogaste laylnl I (gilre Cudly (sl
Pl ol b 4 dd s (gilome bazme S 0SS 8 a4y (iBly ols] Sl 5 (s Cus gl 2580
&S e )35 talejl 1S5 b tea)S” Dbl ]y gl (sla STy olas gy g e Cumsg ) o8l ol 15 L 5 eud
Gilme Lo (ol cuel piman 9 A o odlitwl [S05 31,31 higel (gl sdelcinsd @l ) osd cogds ol
sob & 9l o) |y b e oy I Jobs (B Lilg) Sl ohlen 5 (el Gigi 53 [IV] 3900
Cousdly gLad 3 (euae bazme (bl b (L Biod cpl gl 3)S (gw)p s dxlge oy (pl b e
by (Ahb lajls cudlys (iagh cnl opomes ol (b slrody cuslie (ilre (slag )l g 4 3B (gl
€l (2yme y3 GlNg R (Slg) 0l 5 (W) CudS Wl oo & S Iy |y bas Bl g 03,8 sanadl g atz )

LYY ] aisu deu |,

SHow b 42190 33 (5 jlno Cudly

oy Skl ot hKen g odljle imgh 1 .ol odal Jos 4y (lxe candly 5l 6350 53litul coMuw b dgalge 5
390 s Ll 53 Gy (6 S el g ol Gas (30055 )3 8 U1 g (64 O b agle polato 4y o
A nad e yly8 o Gos (we3S x3 e i 4 |y b paile oltdlay ol )3l ST ol Lis iagh cpl .88 J\E Ly
o ye oyl ddo pd e 4 jd il ey O gy Blre g 4 nlia bapile 15 s (Sakae a3l
B oL cpizren [YO] wiS” Gl ol Gos (o35 ly gye S oly U o_\.oT)J i opl Jo lp cnlin
Blg Ay Koo sl 8l il (slad S 4 B0, sl O b agslge (0 1) olas (g 5snelS g5k
LV] il anil O b dpzlan 0 1,



4 iz 98 g yLail g o1y owalb | (5 ped Mo fitiist sloailolis >yl yaliio 410T-VR diaigs sz lo &,/

[¥0] (sibee cumbly ondigilovand glad 13 OV b dgalse &5 0 JSUS

o g b
S 3m0 bl g Lt Cd il (Al g2 L &1
oas ol (5SUsS (slaaoss > il mlio I (5l )3 (5o Cudly o Ll ool &b pin 9 )50bogs (slags sl ]
5 pole wilo b pole (sloofyyy 4 (uisucuie sly lgices silme Cumdly upslio slab g Ll ol 5l
65 pl pogase b do e 9 bl i maw i W)l cel g oy oy @it aub oyl (asls
A oy

Moo i glaabols calo 5 (b 5> silre Cunbly o Ludl ol Hsby slacs)sld oS 5 (gl ol )
Gblie > S Gl Copte )3 5383 5 byl Sl Saly 4 )9S (5598 S5 (sl 0Bl BT LMD (o) (5 0D
cel L &« gilbre Cudly g Ll ol (6y9lid 5l il solatul dmd o LS odel sy guls .l ord ploul (¢ a
3 oMo saimd)liia (gladilols 3 )Slae dgupp 4 4k 900 o plp 3 Sl Gloj AL g (il 8 29
Sl 5ilre Canbly 5 Ludl gl o (Rl 3]y (sl A8 0SS (g3l slaggilodnd g ooy (iluodr LSy B )b
B i g 048 o yiw LS Gl dlisee aanmss syl 4 5o oM baimd)luia St cilo
Sl 9 353 sbodld pslaes sly (st idlo b Ll cpnl ol ol ol LS5 (ise cpain I oM
S g g a0 03x0l (gl (slad (s cpl &S WS o w2])8 1) o gy Co e Sl (Bl le; 4o aosls
g 1S o il T (gld 1) g dudhyn (5] el ke g gl s e CleMb] e s (59 ol
by 1) Wojiw > Ol (6551 g zobaw i g (woipj Sl @ bgje (slaodls w)l> 329 (e 5 > &S (loguias
Coomd & 533y caa modly cpl qopl (clad 3 M claosls (yglaes | L S o Jie (ol (sLad 4 9 00
daodly 5 GleMbl Jdotgds s (gl (Souas s (LbglSTy8 slagiumw (isu cpl yd Ned e 0l Dl Juloosds s
Lo amd jaseds 1) 0w go8g Jlainl obj jluw <8 L G Wb o 485 )15 & adllas dy90 oo bl b 4 angi b
gn 4y (Sl sy & o (shaashy Loy sy o 4 | 55 g5y oSl ot ade



VEF Y 8Lt (¥ 6,99 s iy () IiStislew rFer

loldl 5 i oy Al o aSL )b 1) s sl Jdo 4 Cans (65380 e 2Uly 4SSl egMe ( couas
Sl crob U 5 il Slmo slacunsy J5iS g Cu e die) 50 059y yol cpl &S ailwy JBlas o 1) &l Sy
b g adllas codelcwmnds zuli «oMaw 989 5l eMbl jglaie 4y b gilo Joo plocl g laodly Julowiga 555 51 us ol (6900
Ll oodldl (gu> (slaonyyy jl SU sl )lus (gals g JpuS jelaie 4 oY Glohidl il [asuie g 4 dxg
Slasygld oS 5l a8 canl ax )L O laie (gladilels sbo] (Kl (3uiod (ol (s3lST (glad jgliass I (S 5,5 o
adlllas 390 bao I ol gl b el BB 3,31 el ue Oygo a4 b aiS pgal 4 oguaske 3l 1 ool
5l 9 03,8 oy |y calizes Bble g9y Buiod u'iu93 ol «ylex ol 53 B cusldS STsl & (gl e ) Olﬁ:’.u" I
lodlitwl g cals 4 B aS SlayedS @ g dp o o 3l ) Se 5 Sloj Cudgizme yol cpl S edlatnl )0 )los
JSG 9> 4 il cundly g Ll il (glaygld 5l b s oype Sl (pl 5l s cod Bble (gg) el
S olsie 4 silore Carbly 15 a5 L dgzlso plSin O Baimd Juie sladilol g (5185 ol ol e
Solel Liulsal a3 g Slymo Camdg 5l a3l e S el coMow bulps e ool Giales b (Bjgel g el )
buoeo S5 )3 plgise iz Sl )08 ey (oolaal (slogy (ojgel Caz 53 9 3950 M b agalye 3 L]
3,5 oy oM (gl 1y calises baylyds )0 e (glaodly lyuss 90,8 (g5log jlus 4 pldl dgamel ¢ jgo 4 5 (gilxe
K b ..\Suo SeS gl O.;.l 25 oS 8 5l UP RS s, Kal, ol o Ol)lf).»’lc;wb buwgi g )luw sly 9
Joo 4y O | ol soylus igess 5 e ot b il obl sl (gglis jo sl oM 58
Slp D98e S ole lNg e (S5 95988 ST (> g b Bl eges ol 02)98 w2 4 ] ioren g e
s g Ayb adhie ] 4 Laie O e Slobe 1L sl (oM 2|m sladilols ) (gilre cusdly 51 oolawl
@ gilbre e K Shb b 9 B9d (syglaen 3L 390 (slmodly sl oyl g jl edlial b b ded
2,8 8Ly olmosls I oolil b calisee (clagy luw cdlo 4 pladl o))y 349 ahaio )] )3 Juw 6l &5 oo

JB slacdyin w4 g L o)Ll Mo Cup e jolale & (g (slagsyglid Cute dlul 4y Buios (ol > &S y5bolon
Sl (610085 5 o SV (sladizji b ot (Slagilly Do it ool (gilutinign Big> > g
Jolos pl 21> 3959 (g5l sy 95)9&'9 slrcudgioe b Byl g edly (g5l bl 4 5L ol co il p e
pas bYo p i deol il ML Ll b U g Blae con jd 558 g Copde (09 (R3glis Buad LS
Sloyld drwg g Sl LS 0 &5 cuwnl oY @iy ies b Bble ) bpiuw (pl 858 (gilwesly
9 SIS sl (B @bt el ccmizzan g Sldl 9y (Silotinil 5 (Bj9el 4 oS orena 5 S sl cingn
S Uy 5 Copde digej ) ol Culibge 4wy sl il 418D lofyg g Madon slapiuns (Slu)josd:
dawgs oY lacdloy; dbul el cpl ad Baxe gly WS HKen SuSH b GedS Caxdg dame (gl g N
sy o a5 4 (695 b (sl )9ld 3l dude (5 50500 Sl yetma (Bigel g Sl slady il

o5 o lase gladilobs (Sl )5 (g5lre cudly g Wil o il 5l (Al 8ol s o (LS imgh cpl s
9 Byt glaylaia LI L il oo baailols ol sl (6 0 Bble 3 S | (236 Slylus ials jglaieo 4 S5
4 Jbo g Sl slaclus als yogde (b ol 5l g 28 Cagi O i 3 1) gl 2557l 5 (Sobol (3>
IS S8 Il dagi g (60 (S5 S dgake

& 5 o



Sgdise M b 9 2558wk Oloj LRl el &Gl oge 5 WS dbml (654l M jlade glaaibols (b
il pslaie 4y g Ll gl ) S e oS 55 WM b dblie gl (S35 eges 2T lis)l & sl
Cupndly ()9 bawgs (iSuluiss £adge O o (e pogaste (sl ySus 5l (8L)d (WS slaosls Jlou 5 (L)l
o S 2gge Cundg U8 (Ul g hal)] Lais (gl (olael (glag s Ao ciliseo sl g g paad Sjsel (sl ecsilono
9 sn ibsie i 5 oS5 Bl 5By 51 (seSsle 5 cilisee (sloggylis (sl S s (FoMeT il 1 ol s i
e oy A6 Sac s Y Sl 3591 5 S (3 (ST L A5 63l (xS
baizo g abycuwsl lopw (i ) opinen 9 235 op 3le b (gl (S5 9 Wb R (o8l
Jaia sladilols b ) Ll oyl g (gjlore Cansbly 31 o3litel cqyonl 3 blise Joo & hilande LB og2dd o
Lodgh (slapiam I o3latul ( IS job 40yl (o3b Hlaw sblze (oobaidl Jlato jl om g eloin] Pluo a0 5 OIw
sl gblie )3 ()de lagsyslid 4 (ud Clialie Joas cel o5 cul (900 ol (b ooy Copte

RWRVAPES



VEF Y 8Lt (¥ 6,99 s iy () IiStislew rFF

&b

1. Ahamed, J, Mou ,S, Chowdhury, T , Mannan, A , Mim, S, Tarannum, L and Noman ,T. Al-
Driven Water Segmentation with deep learning models for Enhanced Flood Monitoring. 2024.

2. Panggabean , F. Enhancing Flood Disaster Preparedness Through Virtual Reality: A VR-based
Flood Simulator Game. Jurnal EMACS. 2023.Vol5.N02.69-72. DOI:
10.21512/emacsjournal.v5i2.9988.

3. Aalami, M , Ardestani,M, Malekmohamadi,B. Flood Potential Modeling in Zarineh Rood
Watershed Using Acrtificial Intelligence Models. Watershed Management Research. 2023. ISSN:
2981-2038. (Persian).

4. Merz ,H , Kreibich, H , Schwarze,R and Thieken. A. Assesssment of economic flood damage.
Natural Hazards and Earth System Sciences. 2010. 1697-1724. doi:10.5194/nhess-10-697-2010.

5. Ansari Ghojghar, M, Pourmohammad, P. Assessment the impacts of Metaverse industry on flood
modeling visualization. Journal of the Nivar. 2024.Vol. 48, No. 126-127. (Persian).

6. Buttinger-Kreuzhuber ,A , Konev, A , Horvath, Z , Cornel ,D , Schwerdorf , i , Bloschl ,G and
Waser, J. An integrated GPU-accelerated modeling framework for high-resolution simulations of
rural and urban flash floods. Environmental.elsevier, Modelling and Software. 2022.105480.
https://doi.org/10.1016/j.envsoft.2022.105480 .

7. Wan Mohtar,M , Wan Hanna, M, Jazuri, A, Khairul ,N, Abdul Maulud and Nur Shazwani ,M.
Urban flash flood index based on historical rainfall events. Elsevier, Sustainable Cities and Society.
2020.Volume 56. https://doi.org/10.1016/j.scs.2020.102088.

8. Nkwunonwo, U.C , Whitworth,M and Baily, B. A review of the current status of flood modelling
for urban flood risk management in the developing countries. elsevier, Scientific African. 2020.
2468-2276. https://doi.org/10.1016/j.sciaf.2020.e00269.

9. Ebrahimi heravi,B , Rangzan, K and Kabolizadeh, M. Comparing Methods of Artificial Neural
Network and Fuzzy System in Determining Pre-flooding Warning (Case Study: Zard River Sub-
basin- Khuzestan Province). Geography and Environmental Planning. 2016. 28-65-1. (Persian).

10. Aljohani, F , Abi Sen, A, Ramazan ,M , Alzahrani, B and Bahbouh, N. A Smart Framework for
Managing Natural Disasters Based on the loT and ML. Applied Science. 2023.13,3888
https://doi.org/10.3390/app13063888.

11. Amirebrahimi, S, Rajabifard, A , Mendis, P and Ngo, T. A framework for a microscale flood
damage assessment and visualization for a building using BIM-GIS integration. International
Journal of Digital Earth. 2016. ISSN: 1753-8947 1753-8955.
https://doi.org/10.1080/17538947.2015.1034201

12. Chang, Li, Chang, F, Yang, S, Kao, | , Ku, Y , Kuo, C and Mat Amin Ir, M. Building an
Intelligent Hydroinformatics Integration Platform for Regional Flood Inundation Warning Systems.
Water journal. 2019. 11,9. doi:10.3390/w110100009.

13. Hsieh, Sh, Chang, D , Yang, S, Wang, H and Yeh, K. Artificial Intelligence Methodologies
Applied toPrompt Pluvial Flood Estimation and Prediction.Water journal. 2020.12, 3552.
doi:10.3390/w12123552.

14. Samadi, S. The convergence of Al, loT, and big data for advancing flood analytics
research.Forntiers. 2022. DOI 10.3389/frwa.2022.786040.

15. Okeke Remigius ,O and Ehikhamenle, M. Design Analysis of an 10T based Early Flood Detection
and Alerting System. International Journal of Advanced Engineering Research and Science
(NAERS). 2024. Vol-11, Issue-2. Article DOI: https://dx.doi.org/10.22161/ijaers.112.7.

16. Mirzababaei, M and Pouresmaiil, H. Metaverse, Challenges and requirements for development and
deployment. Islamic Consultative Assembly Research Center. 2024. 310.19380 (Persian)

17. Schiavini ,R and Meurer ,H. USING VIRTUAL REALITY TO THE SAFETY WARNINGS
DESIGN: THE EFFICIENCY THROUGH PRESENCE. Revista Conhecimento Online. 2021.
a:13, Vol23:2,21-45.DOI: https://doi.org/10.25112/rco.v2i0.2535.

18. Donratanapat, N , Samadi, S , Vidal, M. J and Sadeghi Tabas,S. A national-scale big data
prototype for real-time flood emergency response and management. Environ. Model. Softw. 2020.
133, 104828. doi: 10.1016/j.envsoft.2020.104828.


https://www.sciencedirect.com/journal/sustainable-cities-and-society
https://www.sciencedirect.com/journal/sustainable-cities-and-society/vol/56/suppl/C
https://doi.org/10.1016/j.scs.2020.102088

19. Binti Yahaya ,N and Binti Mat Zain,N. SIMULATING FLOOD DISASTER USING
AUGMENTED REALITY APPLICATION. Progress In computing and Mathematics
journal(PCMJ). 2024. Voll.

20. U.S. DEPARTMENT OF COMMERCE National Oceanic and Atmospheric Administration
National Weather Service. Flood Warning Systems Manual. NOAA’s National Weather Service.
2012.

21. Javaheri, N. Performance evaluation of the basin flood warning system in flood. National
Committee of Large Dams of Iran. (Specialized committees for the operation, maintenance and
rehabilitation of dams and dams for hydroelectric power plants). 2014. (Persian)

22. Petrillo, A, De Felice , F, De Luca, C and Di Chiara, S. Physical and digital worlds: implications
and opportunities of the metaverse.Elsevier, Procedia Computer Science. 2023.217. 1744-1754.

23. Rafiei, M. Identification and Prioritization of Metaverse Infrastructure with a Fuzzy Approach.
Metaverse & Virtual Transformation. The International Journal of Metaverse & Virtual
Transformation (IJMVT). 2024. 1(1): 1-9.

24. Urbas, m, Cok ,V and Vlah ,D .VR as a 3D Modelling Tool in Engineering Design Applications.
Applied Sciences. 2021. 11,7570. https://doi.org/10.3390/app11167570

25. Lim,D , Meyers,P , Quick,M , Rudlosky,S , LeeE , Schwelling,E and Varshn,A. Weather
Forecasting in Virtual Reality. NOAA/NESDIS/STAR . 2019.

26. Li ,M , Banerjee ,N and Banerjee, S. Using Motion Forecasting for Behavior-Based Virtual Reality
(VR) Authentication. 2024. arXiv:2401.16649v1.

27. Ooi, S, Tanimoto, T and Sano, M. Virtual reality fire disaster training system for improving
disaster awareness. In Proceedings of the 8th International Conference on Educational and
Information Technology. 2019. pp. 301-307. https://doi.org/10.1145/3318396.3318431

28. Sermet, Y and Demir, I. Flood action VR: a virtual reality framework for disaster awareness and
emergency response training. 2019. In ACM SIGGRAPH 2019 Posters, 27, pp. 1-2.
https://doi.org/10.1145/3306214.3338550

29. Liang,H , Burgess,L ,Liao, W ,Blasch,E and Yu, W. Deep Learning Assist to 10T Eearch Engine
for Disaster Damage Assesment. Cyber-Phisical Systems. 2022.

30. Ibarreche,J , Aquino,R , Edwards,R.M , Rangel,V Perez,| and Martinez,M. Flash Flood Early
Warning System in Colima Mexico. Sensors. 2020. 20(18), 5231.

31. Ghanbari,A , Tahmasebipour,N , Zeinivand,H , AliHeidari,M and Bdollahi,S. Flood Warning
System Using Internet of Things, Artificial Intelligence and Hydraulic Modeling (Case study:
Behesht-Abad Watershed, Iran). Springer, Acta Geophizika. 2023. Vol72, 2815-2829.

32. Jang, B and Jung ,l. Develompent of Hig-Precision Urban Flood-Monitoring Technology for
Sustainable Smart Cities. Seonsors. 2023. https://doi.org/ 10.3390/ s23229167.

33. Duarte, E , Rebelo ,F and Wogalter ,M. Virtual Reality and Its Potential for Evaluating Warning
Compliance. Human Factors and Ergonomics in Manufacturing. 2010. 20 (6) 526-537.

34. Gamberini,L , Batelli,A , Benvegnu,G , Orso, V , Spagnolli, A and Ferri, M. Designing"Safer
Water." A Virtual Reality Tool for the Safety and the Psychological Well-Being of Citizens
Exposed to the Risk of Natural Disasters. Human-Media Interaction. 2021.Voll2.
https://doi.org/10.3389/fpsyg.2021.674171

35. Alizadeh , B and sakib, M. Immersive Virtual Reality to Measure Flood Risk Perception in Urban
Environments. Confrence Paper. 2023.


https://doi.org/10.3389/fpsyg.2021.674171

