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ARTICLE INFO ABSTRACT
Estimating water level is essential or managing water resources and reducing flood effects. However, direct
Keywords: measurement is often costly and time-consuming, and in many cases impractical. This study aimed to use
a standard smartphone camera to evaluate the effectiveness of an image-based water level detection system,
Flood, adding new insights to the field. To this end, we compared a standard support vector machine (SVM) with

Image processing,

three hybrid SVM models incorporating invasive weed optimization (IWO), the artificial bee colony

algorithm (ABC), and the cultural algorithm (CA). The results showed that the SVM-ABC hybrid
Metaheuristic models, outperformed the others, achieving the highest accuracy and lowest error (RMSE=5.49 mm, MAE=4.29

Smartphone camera,

Support vector machine
(SVM),

obtain.

L Introduction
Water level estimation

mm). These findings indicate that metaheuristic models can increase computational speed and reduce
estimation errors, especially in hard-to-reach areas where high-precision measurements are difficult to

Given the importance of continuous water level monitoring in rivers and irrigation canals for preventing
critical events such as floods and erosion, developing a system that addresses the shortcomings of manual

measurement while providing robust detection and measurement capabilities is essential.

Ashori et al. (2021) applied deep neural network-based image processing to measure copper in drinking
water. Their system, implemented in python using Py Torch and open CV, used 70% of the data for training,
15% for validation, and 15% for testing, achieving 97% accuracy in detecting heavy metal contamination.
Akhoni pourhosseini et al. (2023) examined water quality in Iran's Babolrood River. They employed several
SVM-based hybrid models, incorporating cultural optimization, the harmony search algorithm, and
teaching—learning to predict TDS. The monthly dataset (1968-2016) included Ca, Mg, Na, HCOs, SO, Cl,
pH, and TDS. Statistical index analysis revealed that the SVM model outperformed the others in predicting

the water quality in the basin.

The objective of this study is twofold: first, to employ a conventional smartphone camera for evaluating
the performance of an image-based water level detection system, and second, to expand the curren
knowledge in this domain. The main emphasis is placed on utilizing the capabilities of multiple machine
learning approaches, including support vector machine (SVM), and invasive weed optimization, the honey
bee colony algorithm, and the cultural algorithm, to enable precise water surface estimation through

processing and analysis.
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Materials and Methods

The first step involves images visualization. Converting graphic images into digital images is one of
the fundamental processes in image processing. This process is a key aspect of digital image processing,
where graphical data are converted into a digital format to extract useful information or enhance image
quality. In this research, measurements and observations were conducted in the hydraulic laboratory at the
Department of Hydraulic Engineering, University of tabriz. A total of 244 images were used to model and
estimate the water surface under two conditions: clear and opaque water (with sediment). Among these,
201 images were used for training and 43 for testing. The methods employed for simulation include the
support vector machine (SVM) and metaheuristic algorithms. The proposed method is based on statistical
learning theory, which follows the principle of structural risk minimization. Artificial bee colony (ABC) is
an optimization method inspired by the social behavior of honey bees, where bees collectively search for
optimal food resources whithin the search space. Cultural algorithms are , on the other hand, are
evolutionary algorithms that, in addition to maintaining a population space based on darwinian evolution,
also possess a belief space. This belief space represents knowledge and experience collected from the best
members of population and acts as a reference to guide the evolution process. The invasive weed
optimization (IWO) method was introduced by Mehrabiyan and lucas (2007) a nature-inspired algorithm.
This algorithm is highly effective at finding optimal locations and is based on the natural colonization
characteristics of weeds in a colony. After analyzingthe dat using different methods and models, it is
necessary to evaluate their performance. In this research ,the most widely criteria in water engineering were
applied, including he coefficient of determination (R?), root mean square error (RMSE), and mean absolute

error (MAE).
Results and Discussion

After removing outliers, the data were converted to normal distribution to enhance modeling accuracy.
Then, using metaheuristic methods, the support vector machine (SVM) was simulated with invasive weed
optimization algorithm, the artificial bee colony, and the cultural algorithm. The results show that the SVM-
ABC metaarithmetic model delivers the best performance based on the evaluation metrics. According to
the criteria measured used in this study, the SVM-ABC model was able to simulate water levels more
satisfactorily than the other models. In the validation phase, a coefficient of determination (R?) of 0.999, a
root mean square error (RMSE) 5.49 mm, and a mean absolute error (MAE) of 4.29 mm were achieved,
which is considered acceptable.

Conclusion

Given the importance of automatic and continuous control of water level for planning, decision making,
and management of critical situations such as flood and river flooding, this study aimed to identify water
levels in images through image processing and simulation by using image processing and simulation. To
achieve this, we employed support vector machine (SVM) combined with three metaheuristic algorithms:
SVM -IWO, SVM —CA, and SVM - ABC. In the modeling phase, the SVM-ABC model achieved excellent
performance during validation, with a coefficient of determination (R?) of 0.999, a root mean square error
(RMSE) of 5.49 mm, and a mean absolute error (MAE) of 4.29 mm. Our proposed method is based on this
integrated approach. Furthermore, the results indicate that metaheuristic models can be effectively used for
water level estimation when compared with to LS - SVM and BNN models.

Keywords: Flood, Image processing, Metaheuristic models, Smartphone camera, Support vector machine
(SVM), Water level estimation
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Fig 1. Experimental equipment and dimensions of the
flume in the hydraulic laboratory of tabriz university

i ez e cpdylhl 5 Sspw Cqz (EebS (nl 50

Cud Sy olpen 5ol 00 T solaiwl dieign ol per yald o a0
Jold ol 485 pslas oS 0l Jaie JUIS s @ 555k pslas
Sl sieign ali cpl aib e s pSosll @S 5 Ol maw

“Invasive Weed Optimization Algorithm
5 Artificial Bee Colony

s Jol sty oy ble 3 eolial b (oS5 Jao a2
(SVM-HS?) Ssalo 0,631« SVM-CA') Kin )b (o5loaig
slp SVM-TLBOY) 5,50k 5 (bisel » (e oS g
alale glaosls .ay0,8 oolaul 5g,LL ailsog, ,0 TDS o i
L1 S04 Na HCOs Mg Ca Jolis ais piiin g 0ais g S0 jlu!
a5l bl 0l o Y18 5 1948A gla Lo 51 TDS 5 pH
L mbs wad aloled gl gy 50 bsdg)s 2 ise «osild
i b lae 8 (o Sils dher 31 5 T LSt iz 3 sslitd
g s Olaype 20k ala) o, A0 liabl mhaus )0 Coalad
plo @ s SVM-TLBO Jow als Judos jels jloges
22l kS (i Sl ) @l e ookl 9550 sla s

Sge &1, 1A5 8 00 ADg>

Sreligh (o555 yes So ool ol G Lol Sos
2 e 2l gl (At s S 2503l L5 5 Jsene
ol o el 5 a5 el ggdga (0l 0590 50 (ils (0938l 5 g
Jowe cpuiile (6 50l e sla Jow sl sl oolawl ¢ i
prle 5 sleale @ome slodae 5 ol Jlop oeile
w2550 (ABC?) (e 5535 G9lS (slwtinge o2 )55 (IWOY)
el 9 33100 G 5l ol s 285 (e sl (CA) (S
b Jae collae (Sla; 595 4 daoe cnl Sl cle il oo pgas
03 )5 4 (60,md o Juw @bl jo Uas jals g cds iliél .
oy 50 (68,0 sl o wglhae bl g (69,5 colatul ¢ ous
Toba 5l slal 5855 (e Bk (nl b (o O (sigee
3leslial 5 (5 Sl Jal S 555 2 2l 5y om0l iz
el Sy iyl 5 el Ol Sl e a6l adue
sl e oo ol 8,Ska 31 (slalio

gy g slge-Y

s Slles wdbioe polai Ghilop iy Jels gl al> e
Ol el gl 33l slaan Ty 5l (Ko 5o & (SIS pslas
Q‘ 30 a5 Sl Jlazus pgas ut')'b):! 5! wl.ul Ao SS ol
gl Gl g Wigd oo o Jlpzms JSb 4y (815 slacols
STy S5 S 4 iyt kS Sl b e AL
el ool BTV Jgaz [0 oo eolaiwl sl osly (gLl

S gy0um ol8igle;] jo Slaalie g s uSojlasl (gt oyl o

pold 285 IE gy dype sy oK O (pwiige 09)S
Jsb /) (e @ (ibatas ghaiie sl i 9550 oalKiules]
1 50392 551 JUIS S bl e o <10 sloo iy glis,l g V-
02yd Cloed sgax 50 pal cod) 88l iyl Goe ples

! Cultural algorithm
2 Harmony search algorithm
3 Teaching-learning based optimization algorithm



B IO 0 PR [ POV JUUFS SO

V7

bgie

12
Meduim 60
o=k

81 12

Low

5

201 43

Total

Ol 10 3 (il Wlay po JBlus> Juo -V
(LS-SVM)

bl 650k 6595 b p gl Sy cmile by, bl
;\J‘SA K9 ‘5)L..>Lw «_i.“g‘) ‘5)L.:J§|J> )| a5 Sl 00l 4§|)‘

by b pipile las e J8la> g, Sanchez et al. (2011)
omtidali s ety SVM s B35 55 Joro il sl 1,
B3 oplplo S oo eoliinl as cVolae 5l > 40 pgo ax 0
Jote 20 SedS” pliiy o Gedle 4 S (6 0 (Slonlee

WS s S9m 2 4kl SILS-SVM (y9n 5

y(;)=wl.o(x;)+b M

Wt (905 ) &b )l g bayis polie S s by w (ol o a8
398 o0 Geetd (V) abayly j0 Bue 1l 3l JBlas 55 )b 5l as

minw, e, b j(w,e) = %WTW + %Z{;l e?
™

«(Y) sda.g‘) Cudgdoe L

vi=wl.o(x)+b+x; ™

loosls lhs € g Uas sy oaiiS b bl ¥ ool o o8

il (5550]

s 5953 (b5 (55l dint e 59NN YT
(ABC)
Slwtintr Gy Su Srras s o) (S8l eyl

o955 51 53 &5 Caml Joe (sl elaiz S5, 51 aid Sl
g LA )0 ange ol plie JLid 4 e )0
S Dlozr Gl goles w sl (nl 0 (laE g 00 S (o
31w b il Ygans agls) alie ol 5 ool (g jlvtings alins (sl
(Sl T3 50 0gdice el (SIS 50 5250 (sl s
oo 4 54 ¢ 2108wl S o) y0 Dledlbl Jobs b s 503
5 B9 5 sl cnl (2l 5 Wed oo Zalas baol) e
Blas sl 530 s )lpl ], Ol ozt 6L 5l Glojan 5l 0 0
T et gl Jolpe ol 03,5 o ouezn lwaie

wlls ol (edge JuSeule 00 (6 10 p gl oS L (90
Ole eizmed (85 18 hwgie cl> o ol olids; olies
s 5 (5503l A5 as aS wd ol (5,5b oSiulejl olis,
(Jbop 2lidy,y ole) w3k a3, JB O

Ol o s e lid 1) ead b polar 5l laiged ¥ S
4 S 5 Glo Ol el g0 0 pems YFF 51 IS sbay canllas
s oalitl Ol s (058 5 (3y S Joe 6359 olsie
il go 9051 4 bgiye i Y 5 Sijgal r bogyye pgai Yo ) &S
3lse JUE 50 T 515 e lase (9,5 5

(&

(™

ol yois (2l (g 59 g &y oy 4 )5 s gl diged — ¥ S
Slo ol (v g é,ﬂ 5ol (Wl edls go 4o Ao g

Fig 2. Sample taken by smart mobile phone camera in two
cases: (a) muddy water and (b) clear water

o gobuw (gl pglad Sluad Galapendi — ¥ Jouar
Table 2. Partitioning the number of images for different

levels
b () B350 (3 G905
Level Train Test
YU
60 19

High




Vv VE 0 Jlo N oylos Y5 0,50 | S g,000 g ol Lisls 4 85 Sl

ol oaisSlaasel 5 JledS b (2ly G 4 1) gt
slapi ;8 2l Gl cage (2l 0je (ab dilal S s
3 e oS s it S il galS LS
slaguils hls @ )osl ) wad oo srina Wy (giluaiadion
S oo SS gz ol 4 a5 el (lagS 5l slad o i
b Fygl sl Mimer glad Loli (Sim b oS gl
Akhoni Pourhosseini et al., ) asb o b &b g "Uopd

2023)

Conro> ‘sbbé (!

il 5 03,5 £ay ) 05515 adsl om0 e b Lol sliss
M.Iﬁ,c Q)Af‘sn ral:ulm..eu.ﬂ)o)jb 6L45)d U" oydj&.&m)ﬁ!
e ss S0 5 4o rnad ahin L5 Sim b 581 5y Copnar
.CA.AAJ‘ kSAA)""‘S

b sbas (o

G Blides (glo Giey a4y (Koo )8 o s S gl (sLad

o wites ol dilize claddss ool b iy ol Sed e
odd (sogas Doy ol (sLaS 10 3l gatan (GLAS I Conex
yolyw 30 Glog (] g oael Cawsdy (e sLad 5l 3340 oA
OIS L] )0 098 o0 0255 g 185 SO gam sladds g Ju
S b slad g abal) G g Conl (gl 0590 (e (e

g0 59, 4
y(t+1)
minf (x;(t)) minf(x;(8)) < f(y(®))
= x; (t) x;(t)
y(t) otherwise
™

olaws Byxo 1 bxi] )0 09 o0 Jlosl nj alaily Gl (ls ()

N = {x1, x5, X3, .., X}
A
x; = [Liw L U] W
j‘uhsof‘imybbewli»%};@lij U; ‘J)oaf
PP e sleasl 4 g SoeS ad, aid; g glad

Reynolds, ) sgdoe joya 5 baly, Gob Jlne (A 0920

3 Acceptance
4 Influence function

wdbise 2
(Karaboga, 2005) 13¢ aolie 4l yaens )

x;; = x"™ + rand (0.1) (x"** — x"™)

9]

=1,2.3,....D « o1aé golie oluss SN d=1,2,3,...SN a5 5o,
Sade Jola o iSTas i a4 5 XM s el olaws D

2Bl il

9t

Vij = xij + @i (%15 — xi;) ()
Oluen 5 Solar o sl yal )l s ey ksj “_ﬂ 4o &S

&S Syge X Bd> g U pl g wos olie e SO s Y
b (1) U8 a3l e (V) swos o 9 Jlade

6&%@%‘;\.& @L@WQM&L@)F)‘ ¢;5);> ¥

oV ol Geb o
fitness; fit
=——— L fitness,
Pi Zfi’l fitness, ¢
it >0
! Ty *Z
1+ abs(fit;) fit<O0
*)

B s Jlade fTENESS; X Jié aie sy aiysn it a5 5, b

S5dsa )55 05l 8 Ay ke a5 Sla3 BT LY o0
(CA) (o )3 s y5I jLis L Y-

45 e S bt oSl Sl Sl (Sow 8 slag 55l

a9k sl G shlo gngylo JolSS 2 (iee ez (5LES oMl
o8 gl Sl 5 il Sbled sl sLab (al andl o 8
anl B colie 6ln @z o G Glye g Senl anelr slasl e
bl 450 835l (29, e yoSUl Ll 50 a3 (o0 Joe JalSS
Dgboe S ok slas o gl (Al g oad Dbl (Las Sles

g 43S S Comex am sl us 0y 9,y p (WIS cpl e

! Population Space
2 Belief spaces



) eslil by O s i e

YA

(@) if x5(8) < (Kmin,j (8) 07 f (0 (8) <L (t)
Xmin,j(t +1) = { ' (xmi]n‘ i(© ,] otherwise J }
(i (1)) if x;() < (Xmax,j(8) or f(x(8)) < U; ()
Xmax,j(t+1) = { ' (xm(ix,j(t) J otherwise ] }
fGa@®)  if x;(t) < Xy, j (&) or f( (1)) <Lj (V)
Lit+1)= { l sz ®) ,] otherwisel ] }
fOa@)  if () 2 Xmax,j(t) or f(x (1)) < U; ()
Uit +1) = { ' Uj ® , J otherwise : }
Q!
oordy &b (@

'l @l (o

S e lp omog adlge sl slad jo 0)lge piiy o
logenly s Glp CS > Glime (rtd Sl (5 lmin adlge g &S >
g g0 oolaiwl g alal) gubo

Xij

x;;() + 0N, D] x5(8) <y (D)

=:x;;() — o INOD|  x;5(8) > y;;(8)
x;j(t) + 0;;N(0,1) Otherwise

a;j () = a[x" () — 2" (0)] OM)

Jos G5 S 50 50 slacile al g gl sla Sy bl
Dgdor (Bre p) T i ekl plosl ol e 0 e
6Las 1o adyl sgame Comeax> G Il iyl Cumos o pnd

@ arg b Cunex 5l pae o giludnge Ghe) onl o 1Re wdg
olS o a5 glaails slasy oS oo adgr ails lisle SUley l5w

Olpes miposl Cnl )3 Seslins g Sl (Bl &l glgil )
oolaiwl 53 O ygods ol a5l e Pl yion ;o 0,5 solanul
S5 5 0 IS5 oo 3l Sin 8 (55, 2 45 145 olass o e

Dl oo ety 5 abaly 5l Cones lacl sland § 009 o

)

=

S g e e (Bolal sue KLY 5 Comex ojluil Mg ] o S
Mbsaw)ﬂl)l)&o)Wijl

L9b putiis

s
e |

e =

(Cunos £9) pitio yud |

(jafari et al., 2019) SC& 18 0 56K1 Jowo jLsle -Y SO
Fig 3. Structure of CA model ( jafari et al., 2019 )

i sbdle gilwdinge ooyl -F-Y
(IWO) 2 lgo

& Mehrabian g o>l 5,2 slacale gjluagy oo,
18 03l 5 50 5 o8 yme Cenels 51 28,5 aledl L Lucas, (2007)
9009 &y 9 F50 sl cdinge U (581 )0 o )oSl (pl 288

! Influence Function



V4 VEO Jlo Noylod Y8 0,90 | Sg,oud g ol Lislo a5 Sl

Vi o X odalgy ol 50 (VO LY Lalg,) wso 3 eolaul (MAE)
slass N ol i gloj a5 jo slawlxs 5 Sloslivn polie ol pay
ML)‘SA ‘530 G)L.M}L?LA 9 GJ‘ML...A ))QLAA ua..i)la_ﬁ }_/ 5.7? 9 ‘L:boéb

(Behar et al., 2015)

2
i=1(,. _ = T
R? = v (=00 —y) 0%
JE -0 2 0 - 9
RMSE = Z?]:l(xi - yi)z 433)
N
1 n
i=1

ey g gl -Y

&S pgal (5o n alite sla sy (sl ool b addllae (ol o

5 =S 4RGB! I (K JUS s b colal i Jalis

Sl el 90 50 O 5l o il o S e Glo 2Kl e

515 e a5 Gtalel Gl iz G a8 Ol 5 Bl
285 Dyg0 Vb g bawgie ymly

Pl slocs yeSojlail anglio cpgas o O o 15 e b
gy Come @ Ol 5 485 Do e (Bly polie Lot
ages o5 ¥ JS& (Zhu, & Chang, 2020) 5, o 505kl
sl o5 ol dlize gl o Ol mhaw e I sl
o eolitel s, Joe b5 o ,Shoe Sy camogo ol 1y glits
28,5 IS g, o5 280 i (S5 ol & 4 b Bl s
Jol 5 ]y yho Glasly wilioe ngal (Bilon al p a5 oad
S Slog V> o]y Ol g jasuis Sl (rizmes 9 95500
Al e Do |y col glailsog, cdl> acs
(Sl Joe B3 38, YU gz Dy gbrosls Bis 5l oy
e - ( Nourani, et al., 2025) 0 Jos Jlo 5 & g0 45 Wosls
ol pleiy Jlon eile S ladae 51 ool L
Js 1935 Sl il wi)oN (AWO) o2lee 52 slacale
ol Sl cde i gjloars (CA) Kin b oi,sS)l 5 (ABC)
2 b Gials g cds Rl deJas cgllas Sl s, 4 daJos
s 5 50,8 oolaiwl woals 00,5 4 (58,00 sl o @l
¥ sz il oo o (pwiige die) 50 (3,0 slaJoe gllas
SVM-SVM-IWO slaJoe o oadosliiul sls sl i zedss
Gl lns a5 F Jgaz il ans e oolis |, SVM-ABC, CA
5 SVM-ABC SVM-IWO s aus (gl |, s als yo 5|

Ot B Sae alls slasd o 2eS ot jgboay S adei Wilgs oo
Sdgh i ails yip Bl by e g oS o s Sl
Mehrabian ) aib co ) &g 4 ails slass adgs alayl ) 0S5 e
( & Lucas, 2007
—f . av)
Seedn = M (Smax - Smin) + Smin
fmax - fmin

sldle 5,55 f oo adg slaails slass Seed, ‘L')—| EY
F el Gt s S e fmax Smin (S5
Aol oo wils adgs

Oygo 4 odd oy gladils als e ple i glad SussTy
&9 b 0gd ge ouiSTy dius (gom vz glad o JSolas
Sy 4 oS baly WS o redl g 00y Jboy b Bolas
bl abl oo laally olS 4y Soo 5 jlny Wloads s  Solas
(W) abaly &0 lgice 1) Hlore Szl 3 Y sl il

:(Mehrabian & Lucas, 2007) 5,5 Lo

iter, , — iter)™
_ max

O; = A
ter (ltermax)n

(Uim‘tiaz - Ufinaz) + Ofinal
AaY)

Slade Ojper o) ,S0 Dlads slowd o s [T€T 0 cadasly ool o aS
2lon (b e Glog (aSLE b GgraYgie

2zl o prlee 5 gladle glap Sl o 1B, Bas
A cpydon 4 e odes 1 e ol slaails slasy )] ,ST Al 1o
.(Mehrabian & Lucas, 2007) sgi oo 428,85 |54

pear YFY 5l e sleools acgome jl casdlas cpl o
oolazwl 09 o0 a8 )5 ol o yali 090 3l colazwl b aS slovalive
osls doys Ae 10l s [1ome degozme 50 4 pmolal (pl 0l
eosls o0 Y’5 Vw)yo" 6‘).3 )45.«44 AR J.oLw as uu)yc—‘ ‘5‘){
ol bl il go (35l sl g FY ol 457 (55051 ol
e mijliel 5 50l glaanTs iluaige ¢lp o5
Ll syl -0-Y

0,8 as sl p3Y o Jow 5 lo g, glgil b bools Judow 51 s
e 0 Gl lne Sl 5z (pl )0 058 )18 D510 50 L]
o 3llao ;08 . Kilo g RMSE) las Sl yo (uSiles 4y, o R?)

1 Red Green Blue



B IO 0 PR [ POV JUUFS SO

\

el ools ploxil 1) (g5l acds s e

()l Glegarls wyp 4 azg L SVM-ABC g 0l 8

&l Gliso Gl g il 5o o rbaw (et 31y glad digod —F b

Fig 4. Sample images of water level determination in water level and different water conditions

SVM (SVR) Q?"‘“"Jf) B J:.A‘)l.) U‘»{‘ el 0dls 44..9; )Ja.» BN

LB e e 2 g 9> 42 B S5 slallas 45 0 oo (s

s SVM-ABC . SVM-IWO (5,513 sl Jo o1l 551 -F Jgocr
(ST 0 J.Ju ) SVM-CA

Table 4. Evaluation of SVM-ABC, SVM-CA and SVM-
IWO models in the validation section

(e

Test e
Model
MAE(mm) RMSE (mm) R?
4.29 5.49 0.999 SVM-ABC
5.02 8.09 0.996 SVM-IWO
4.97 7.19 0.997 SVM-CA

4 Ced SVM-ABC Jos )l slo)lone mlis 4y azgi b

O s ot Jysb BB U5 & o sl Lo Joe
138 (R?) s oy polio ( riwtomo iy j0 .0 plosl ],
6 Sl 5 e dee B/F2 (RMSE) s clasjo cpSolio i
I3 BB p0lie o wal ooy 2o Lo /YA (MAE) U 3llas
Ol 9 odddwle g Jlaslin glaosls Ol sy aig, .abl oo
SVM- SVM-ABC aigy sla s | Jols lalbs _SussT,
odds oaly ol Y B O sl Ko 0 wus s SVM-CA 4 IWO

3 Epsilon

SVM- SVM-ABC Juw o o osliiw! sl yiolyb -¥ Jau

SVM-CA sIWO
Table 3. The parameters used in SVM-ABC, SVM-

CA, SVM-IWO
A (‘.‘L .
Polynomial
Kernel Function
et elee 17.06 SVM-IWO
Kernel Scale
Epsilon 2.14
i g
& RBF
Kernel Function
A | wldo
o 16.59 SVM-CA
Kernel Scale
Epsilon 25.43
s b
& RBF
Kernel Function
fon olia
0.59 SVM-ABC
Kernel Scale
Epsilon 1.08

&b opl ol o RBF g4 5l SVM-ABC Jow j0 'atws &b
Qg Jaie YL olul b glad 4y & jso ax a4 Wosls &S oo (s
Joe 5o e Tann (ulie 093 5330 (it b ilolaz U
Ol byl pl el ool Sl <10 Ll SVM-ABC
) Sl 5po S5 5 30 50 e b o loalols 155
VALl SVM-ABC Jawe 50 lade T oyskes! . 0iS o pouats

! Kernel Function
2 Kernel Scale



AR VE 0 Jlo IV oyles Y8 0,90 | Sdgyaue g o Siils a5 S
500 500
450 F —— Observed 450
——SVM-ABC
4001 400
] 30 350
300 =
- g 300 R” = 0/9991
3250 2250
4 200 | 2 200
150 150
100 100
50 F 50
0 0
I 6 11 16 21 26 31 36 4l 0 100 200 300 400 500
olos Observed
(@) (&N
of b oo sy )0 SVM-ABC Jow Cd0 g (Lo —0 S5
Fig. Model and accuracy of the SVM-ABC model in the water level verification section
500
450 ——SVM-IWO 500
—_— , 450 2=
400 L Observed R?=0/9969
400
350 350
300 =
5 250 | % 300 .
3, 200 f g 250
@
7150 £ 200
100 | 150
50 100
0 1 1 1 1 1 1 1 I 50
1 6 11 16 21 26 31 36 4l 0
0 yloud 0 100 200 300 400 500
Observed
(&) (AN

uT T (weao uy ;0 SVMAIWO Juo €80 g (S (@ 9 W1 -F JSCo
Fig 5. Model and accuracy of the SVM-IWO model in the water level verification section



) eslil by O s i e

AR

500

——— Observed
—— SVM-CA

450
400
350
300
250
200 |
150 r
100
50
0

() ol g

(<)

500
450
400
350
300
250
200
150
100

50

Prediction

0 100 200 300 400 500
Observed

(AN

Fig 5. Model and accuracy of the SVM-CA model in the water level verification section

Mop eitle )15 lagae jleslitul b (giluancd 5 ngas
(SVM-IWO) n2lee 5,0 lachle oy Joo Jols ol
w250 5 (SVM-ABC) e 5055 slS (s3otints w90 5
)LU.A 3 ad..u.: ‘5>L.:Lu.u ):’.EL‘AJ 65) ui c]a..u ‘(SVM-CA) 62.@,9
Dgb 03 CyadS a5 g Blo Ol cll> g0 0 Ol mhaw 55 soae
sledoe b il a5 po—as Bilon slagts; oS 5
lipios sl mpe s O gl 335 s s 6,803
g diaiigr sla Jow b (g 5lwac sl eolaiwl as el ools oyl
Ol gl p ol QLS 5 cds gz g B jsbar sl (B3l0y
aSL iy o g 1) 280 g 43 0,500, (pl e s i8N
40.35” L — Sledas asils LS’—‘ LR ) Lng.]a.om alo> )|
slead oo Wy sloJus ¥ ooz Billas (g3lo Jow Lisu 4o
B Jb ol bojlas pa b Slade BB s gy Hlas
9 oés_v}»..ﬂ.g Lth.A Lﬁ‘ Oy Uas uLxJ).o wi.vl.uc ua}‘..u u‘)..uc
e oo 3090 Lo by ricons Sy ;0 SVM-ABC s
Blae (Sl 5 e e O/FQ Loz Sl yo (1 ilo a0 /299
5o ez e an o i 1y 0 Ses o i e sheo FIVA U
SVM- 3 SVM-IWO slo Joe 5505 &3l Lo o pl b axlse

S gl e pmioren i8S 18 gun leda . 0 CA
ol s o3850 cewlio )5 4 a9 b 6,801 5 sla o
S8 Caglgl o wulgi s BNN 4 LS-SVM slo Juw ar ;

&5

i 5 Lo e ) 4108, atgy Ol ol b F Jyazr 3las

SVM- SVM-ABC Jas 4w ;0 a5 0b astin 500506 L gyl
ol s 0l o oS slas 5 95 285 L SVM-CA 4 IWO
oo oS 0900 oaalin ¥ Jgor @ azgi b oS gileand |,
s ety Siloo a2 58 5 285 iy SVM-ABC
polie mls A S jo bl Lo 1) orwcone > e o
odu SVM-ABC Jow aigy polie Sl 5 gloslis

] 00 d..‘:‘)‘ (T o

500
— Observed

400 — SVM-ABC
_34 300
3.
fi 200

100 F

0 1 1 1 1 1
1 6 11 16 21 26 31 36 41
o slous

it 0l 00 oy 9 (Flaoliio yolio duny e A JSCS
oo swosls 51w SVM-ABC oo

Fig 8. Comparison between observed and predicted values
of the optimal values of svm - abc model for verification
data

sl S e -¥

yokiie & O lans 515 dtinga 5 ,5045 J S Cooal s axg b
R Gl flge i axie oo g (S el (S 4l

O30y ey b s S (s Badid opl o wilog,y lab g Jew



Yy

VEO Jlo Vo lad Y8 0,90 | Sy, g o] ils 4y 83 S

Akhoni Pourhosseini, F., Ebrahimi, K., and
Omid, M.H., 2022 . Evaluation of intelligent
models in water quality simulation of the
Babolrood and Sefidrood Rivers, Iran. Iranian
Journal of Watershed Management Science and
Engineering, 16(58), 53 — 62, doi.org/20.1001.
1.20089554.1401.16.58.6.7 (In Persian)
Akhoni Pourhosseini F, 2024. River water
quality  numerical modelling involving
intelligent approaches, Tehran university. PhD
Thesis (In Persian).

Ashori A, and Pourreza h, 2023. Detection of
heavy metal pollution in drinking water by deep
learning based on deep learning, 12th national
conference and 2nd international conference on
machine vision and atm, Tehran,Iran. (In
Persian).

Abdi E, Jani R, and Darbandi S, 2024.
Comparing the efficacy of deep learning Models
and convolutional neural network for water
Level estimation using smartphone, and image
processing. Iran-Water Resources Research,
20(2), 61-73, doi.org/10.22034/iwrr.2024.
445181.2744 (In Persian).

Abdi E, Jani R, and Darbandi S, 2025. Dynamic
modeling of water level changes using Image
Processing and Machine Learning. Journal of
Watershed Management Research, 16(1), 71-
83, d0i:10.61882/jwmr .2024.1270 (In Persian).
Behar O, Khellaf A, and Mohammedi K, 2015.
Comparison of solar radiation models and their
validation under algerian climate—The case of
direct irradiance. Energy Conversion and
Management, 98, 236-251, doi.org/10.1016/j.
enconman.2015.03. 067.

HassanNeghad Sharifi F, Samadi A, and
Azizayan Ghatar A, 2017. Evaluation of image
processing technique in estimating the
manning's roughness coefficient in the surface
layer of riverbeds. Iran Water and Water
Research Magazine, 74(7), 433-477, DOI:10.
22059/ijswr.2016. 59978 (In Persian).

Jafari M, Salajegheh E, and Salajegheh J, 2019.
An efficient hybrid of elephant herding
optimization and cultural algorithm for optimal
design of trusses. Engineering with Computers,
35(3), 781-801, DOIL.org/10.1007/300366-018 -
0631-5.

Kwon SH, Ha C, and Lee S, 2023. A study on
the application of the agricultural reservoir
water level recognition model using CCTV
image data. Journal of Korea Water Resources
Association, 56(4), 245-259, DOI.org/10.3741/
JKWRA.2023.56.4.245.

Kharade, A., Gendle, M., Lodha, T., Jadhav, M.
T. (2017). Water Level Measurement and
Detection of Flow Direction Using Image
Processing. International Journal of Innovations

&lw

in Engineering Research and Technology
(JIERT),  Conference  Proceedings  of
TECHNO-2K 17, pp. 1-4 .

Karaboga D, 2005. An idea based on honey bee
swarm for numerical optimization, Technical
Report-TR06, Department of Computer
Engineering, Engineering Faculty. Erinyes
University.

Muhadi NA, Abdullah AF, Bejo SK, Mahadi
MR, and Mijic A, 2020. Image segmentation
methods for flood monitoring system. Water
, 12(6), DOl.org/10.3390/w12061825.
Mehrabian AR, and Lucas C, 2007. A novel
numerical optimization algorithm inspired from
weed colonization. Ecological Informatics,
1(4): 355-366, DOL.org/10.1016/j.ecoinf.2006.
07.003.

Meijer K, Boelee E, Augustijn D, and van der
Molen I, 2006. Impacts of concrete lining of
irrigation canals on availability of water for
domestic use in southern Sri Lanka
. Agricultural water management, 83(3), 243-
251, DOl.org/10.1016/j.agwat.2005.12.007.
Nourani, B. , Kamalinezhad, S. , Salmasi, F. ,
Roumianfar, S. and Ansari, M. (2025).
Estimating the Uplift Pressure under Hydraulic
Structures with Dual end Cutoff Walls with
Finite Element, Regression and Intelligent
Approaches. Hydraulics and Water
Science, 35(4).DOI1:10.22034/hws.2026.70179.
1038. (In Persian).

Nikoufar, B. and Nourani, V. (2024).
Determining the optimal operation parameters
of Alavian dam using the combination of

genetic and particle swarm
algorithms. Hydraulics and Water
Science, 34(4), 89-110.

doi:10.22034/hws.2024.18918. (In Persian).
Akhoni Pourhosseini F, Ebrahimi K, and Omid
MH, 2023. Prediction of total dissolved solids
based on optimization of new hybrid SVM
models. Engineering Applications of Artificial
Intelligence, 126, Part A,106780, DOlL.org/10.
1016/j. engappai.2023.106780.

Reynolds R, 1994. An introduction to cultural
algorithms. In: Proceedings of the 3" Annual on
Evolutionary Programming. World Scientific,
River Edge, pp. 131-139.

Sanchez AS, Nieto PG, Fernandez PR, del Coz
Diaz JJ, and Iglesias-Rodr FJ, 2011. Application
of an SVM-based regression model to the air
quality study at local scale in the Avilés urban
area (Spain). Mathematical and Computer
Modelling, 54(5-6):1453-1466,
DOl.org/10.1016 /j.mcm.2011.04.017.
Vandaele R, Dance SL, and Ojha V, 2023.
Calibrated river-level estimation from river
cameras using convolutional neural



https://dor.isc.ac/dor/20.1001.1.20089554.1401.16.58.6.7
https://dor.isc.ac/dor/20.1001.1.20089554.1401.16.58.6.7
https://www.sciencedirect.com/journal/energy-conversion-and-management
https://www.sciencedirect.com/journal/energy-conversion-and-management
https://ijswr.ut.ac.ir/article_59978_en.html?lang=fa
https://ijswr.ut.ac.ir/article_59978_en.html?lang=fa
https://ijswr.ut.ac.ir/article_59978_en.html?lang=fa
https://ijswr.ut.ac.ir/article_59978_en.html?lang=fa
https://doi.org/10.1007/s00366-018-0631-5
https://doi.org/10.1007/s00366-018-0631-5

) eslil by O s i e

Y¥

networks. Environmental Data Science, 2, ell,
DOl.org/10.1017/eds.2023.6.
Zhu C, and Chang YZ, 2020. Stereo matching

for infrared images using guided filtering
weighted by exponential moving average. IET
Image Processing, 14(5), 830-837, DOl.org/
10.1049/iet-ipr.2019.0144.





  y  (   x  i   ) =   w  T . 𝜑  (   x  i   ) + b


    w


  b


  m i n w , e , b   j  ( w , e ) =  1 2   w  T w +   Y 2   ∑  i = 1  n    e  i 2


    𝛾  i =   w  T . 𝜑  (   x  i   ) + b +   x  i


  𝛾


    e  i


    x  i j =   x  j  m i n + r a n d  ( 0 . 1 )  (   x  j  m a x −   x  j  m i n )


    x  j  m a x


    x  j  m i n


    V  i j =   x  i j +   𝜑  i j  (   x  i j −   x  k j )


    𝜑  i j


    V  i


    x  i


    ( V  i )


    ( x  i )


    p  i =     f i t n e s s  i    ∑  j = 1  S N    f i t n e s s  i     f i t n e s s  i =  {     1  1 +   f i t  i           f i t ≥ 0   1 + a b s  (   f i t  i )       f i t < 0


    f i t  i


    f i t n e s s  i ،   x  i


    x  i


  y  ( t + 1 ) =  {    m i n f  (   x  i  ( t ) )         m i n f  (   x  i  ( t ) ) ≤ f  ( y  ( t ) )     x  i  ( t )                                                                                   x  i  ( t )   y  ( t )                                                                                     o t h e r w i s e }


  N =  {   x 1 ,   x 2 ,   x 3 , … ,   x  n }


    x  i =  [   l  i     u  i     L  i     U  i ]


      u  i


    l  i


    L  i     U  i


    x  m i n , j  ( t + 1 ) =  {      ( x  l j ( t ) )           i f     x  l j ( t ) ≤   ( x  m i n , j ( t )     o r       f ( x  l ( t ) ) <   L  j   ( t )     ( x  m i n , j  ( t )                           ,               o t h e r w i s e }


    x  m a x , j  ( t + 1 ) =  {      ( x  l j ( t ) )           i f     x  l j ( t ) ≤   ( x  m a x , j ( t )     o r       f ( x  l ( t ) ) <   U  j   ( t )     ( x  m a x , j ( t )                             ,               o t h e r w i s e }


    L  j  ( t + 1 ) =  {    f   ( x  l ( t ) )           i f     x  l j ( t ) ) ≤   x  m i n , j ( t )         o r           f ( x  l ( t ) ) <   L  j   ( t )       L  j   ( t )                             ,               o t h e r w i s e }


    U  j  ( t + 1 ) =  {    f   ( x  l j ( t ) )           i f     x  l j ( t ) ) ≥   x  m a x , j ( t )         o r           f ( x  l ( t ) ) <   U  j   ( t )       U  j   ( t )                             ,               o t h e r w i s e }


  n =  [     n  s × 𝛾  t ]


    n  s


  𝛾


    x  i j ∙ =  {      x  i j  ( t ) +   𝜎  i j  | N  ( 0 , 1 ) |                   x  i j  ( t ) <   y  i j  ( t )     x  i j  ( t ) −   𝜎  i j  | N  ( 0 , 1 ) |                   x  i j  ( t ) >   y  i j  ( t )     x  i j  ( t ) +   𝜎  i j N  ( 0 , 1 )           O t h e r w i s e }


    𝜎  i j  ( t ) = 𝛼  [   x  j  m a x  ( t ) −   x  j  m i n  ( t ) ]


    S e e d  n =   f −   f  m i n    f  m a x −   f  m i n  (   S  m a x −   S  m i n ) +   S  m i n


    S e e d  n


  f


    f  m i n


    f  m a x


    S  m a x


    S  m i n


    𝜎  i t e r =      (   i t e r  m a x − i t e r )  n      ( i t e r  m a x )  n  (   𝜎  i n i t i a l −   𝜎  f i n a l ) +   𝜎  f i n a l


      i t e r  m a x


    𝜎  i t e r


  (   P  m a x )


   R 2


    x  i


    y  i


    N


    x -


    y -


    R 2 =    [     ∑  N  i = 1   (   x  i −   x - )  (   y  i −   y - )     ∑  N  i = 1     (   x  i −   x - ) 2 .   ∑  N  i = 1     (   y  i −   y - ) 2 ] 2


  R M S E =      ∑  i = 1  N     (   x  i −   y  i ) 2  N


  M A E =  1  N [   ∑  i = 1  n   |   y  i −   x  i | ]

